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Appendix B
Foreign Research Reactor Spent Nuclear Fuel Characteristics
and Transportation Casks

B.I Spent Nuclear Fuel Characteristics

This section presents relevant characterization and other information on foreign research reactor spant
nuclear fuel that could be managed under the proposed action. The information includes:

= Estimated amounts of spent nuclear fuel:

A list of research reactors and foreign countries from which the spent nuclear fuel would
originare;

A descripion of fuel type design along with important characteristics regarding fuel
design, geometry, and burnup;

A deseription of the radionuclide inventories for the bounding spent nuclear fusl Ly and

An estimation of the number of foreign research reactor speat nuclear fuel shipments.

IL1.1 Estimated Amount of Spent Nuclear Fuel

The proposed action 15 for the U.S. Department of Encrgy (DOE) and Department of State w adopt a
policy to manage foreign research reactor spent nuclear fuel which contains uraniom enriched in the
Uinited States in 4 manner consistent with the goals of the U5, nuclear weapans nonproliferation policy
(see Chapter Z). The amount of spent nuclear fuel from foreign research reactors that would he managed
during the policy period (1995-2005) is approximately 19.2 metric tons of heavy metal (MTHM) with a
volume of approximately 110 m” (4,100 t”) representing approximately 22,700 elements’ (see Tables B-1
and B-2). Tables B-1 and B-2 provide an estimate of the total amount of spent nuclear fusl that is
currently stored or could be generated in each country by late 2005 (Maios, 1994}, These tahles also
privvide the estimated number of shipments expected from each country. The number of shipments is a
key parameter in evaluating the potential risks associated with the handling and transportation of foreign
research reactor spent nuclear fuel (see Section B.1.6). It should be noted that the number of spent nuclear
fuel clements and the number of shipments presented for each country in this appendix are estimates hased
on projections of the numbers of elements to be discharged from forcign research reactors in each country
listed over a 10-vear period into the future, These estimates are intended to conservatively boumd the total
namber of foreign research reactor spent nuclear fuel elements and shipments associated with the proposed
policy,  However, the actual distrdbution of elements and shipments among the listed countries might
change, within the limits of the total numbers of elements and shipments listed, based on actual experience
gained during the lifetime of any policy that may be established.

Various frel forvs and peomeiries are wsed in the foreipn research réactors (see Secrion H1.3) Taavder to reduce
canfurion, eork indtvidiad spent muclear fued (s catled @ spear nuclear fuel "element.™ Ar eloment cold be an gssembly, a
rod. g pin, ar @ cluster of rods or pine.

B-1



AFPFENDI!IX R

Table B-1 Estimated Number of Aluminum-Based Spent Nuclear Fuel Elements of
1.5 -ﬂﬂgtn Generated by Foreign REEat'lﬂl Reactor Dperamrs by January 204G

: Estimatvd Neomber af
LComiry G Shipments
Argentina® &
Australia &
Auzstria 157 191 5
Belgimz LT T30 A9
Brazil® 155 a9 5
Camada 2831 4478 116
Chile” 58 12 2
Colammbia® 14 2 1
Denmark ] 529 ]
France 1,952 3447 145
Germany 1,504 ] 40
Grooos 39 113 &
Indenesia® 193 Pl )
Ira’ 2 i
Liree] 192 111 )
Taly L50 45 5
Jamaica’ S ! 1
| Japan 2581 3134 ]
Korea {South) __ 168 321 7
Metherlinds 1488 L404 49
Pakislan® 82 16 i
Peru® 29 39 L
FPhilippices” ] 24 2
Portagal® ER 54 3
South Africa” S 1 1
Spain (from Seollarnd)® 44 14 L
Swadan 1,113 1,374 3T
Switzerland 154 128 3
Taiwan 127 [T 4
Thaland® 3 5 L
Turkey* 69 B p
Uated Eingdon 12 = L
| Urupuay” 1% 1% |
Veneruela' 120 82 4
Total 17.803 18,154 75

* Couniries slker than high-incams ecorcmies (World Bank, T4 These are corsiderad to be

Udeveloping " couRines,

B T derive uroniim misss in pownds, multiply the cmownt by 2.7

®an spert nuctear fuel elemems of Spoin’s JEN- I Recctor core are stored in Downreay, Scotlard.

In addition, in thiz Envirenmental Impact Statement (ELS), DOE is considering potential managemeant of
highly-cariched uranium (HEU) and low enriched uraninm (LELD target materials from three countries:
Cranagla, Belgivm, and Indonesia. These countries have usm:l and will be using, target fuels which mntam
[1.5.-origin enriched uranium to produce melybdenum-59 (**Mo), which decays to technetivm-99 (**Te),

a medical isotope. The amount of target materials that is expected to be brought back to the United States

would contain about 550 kg of uranium in 56 to 140 shipments (see Section B.1.5 for detail).

R-2




ECH REACTOR SPENT NUIOLEAR FUEL
FFICS AND TRANSPFPORTATION CASKS

Table B-2 Estimated Number of TRIGA Reactor Spent Nuclear Fuel Elements of
U.S.-Origin Generated by Foreign Research Reactor Operators by January 2006

T

: | Ewtinated Number of Spent | Fstimated Numwher of
Country. & Nuclear Fuel Elements | iritial Mess of Uraniun (ke)" Shiments
Ausiria 106 5F 20 3
Banpladesh® 1mon 45 3
Bragil* . 75 14 : 3
Finland ) i 33 5 |
Germany I 358 G0 12
[ndonesia® 245 i 47 & |
Iial 345 L S 13
| Japan T i 62 ) 11
K nren |:.':34:|1|II|_';-'I 334 | ) L 11
Malavsia' 94 B _ 47 1
Mexien® 154 35 Lk f
Philippines” 25 74 4 ]
Komaniz 1451 189 TR T 48
Slovenis" __do3 75 13
Teiwan 144 84 s
Thailand” 136 e 4
Turkey” o | 79 15 2
Unites] Kingckam o0 17 i
Zaire” 136 26 4 ]
Trtal 4,040 1,053 162

* Countries otier than high-incornee ecoromies (World Bank, 19904). These are identified ar *developing ™

CEMRITES,

? T derive wranium mazs in powunds, multiply the amours by 2.2,

The information provided in Tables B-1 and B-2, with regards to the number of spent nuclear fuel
clements anmd the amount of initial mass of uranium, is based on the following assumptions and
considerations as compiled by J. Matos of Argonne National Laboratory (Matos, 1994).

B.I.L1 Fuel Tvpe

Under the "Offsite Fuels Molicy”™ that was in effect during 1988, DOE accepted aluminum-based and
Training, Fesearch, Isotope, General Atomic (TRIGA) research reactor I'u.u&ls2 lor disposition (DOE 1986,
amd 1987, The " Offse Fuels Policy™ and the current proposed policy pertain to irradiated fucls from
feaeign nuclear research reactors other than those invelved in the conduct of research and development
aotivities leading 1o demonstration of the practcal value of such reactors for industrial or commercial
purposes. Specifically, the " Offsite Fuels Policy™ and the proposed policy apply solely to the following
types of reactor feels:

Alwriman-Buved fuel is airminan-clad ard kag gi acrive fud region that consists af an alloy of wranium ord alvminas or
a dipperripn of urenium-bearirg componnd {e.g., DA T, Ualle U85, L850 i olumineen, TRIGA Tuel corsiniy of an alloy
af wranium ard Srcaniien arnd v cled in either elarianmn, |'.l-|4_'|::-I-::-_:.-_ oF fleinless rheel,



AFPPENDIX F

1. Aluminum-clad reactor fuels where the uranium-235 (BSLF]' content is equal 10 or greater
than 20 percent, by weight, of the total uranium content (i.e., HEU fuel). The active fuel
region of these fuels may be configured as yranivm-aluminum alloy, uranivm-oxide” or
uraniem-aluminicde, Spent nuclear fuels containing significant quantities of uranivm-233
[133!_7} are excluded from receipt.

!:-\.'l

Aluminum-clad reactor fuels where the U content is less than 20 percent by weight of the
total wranium content (i.c., LEU fuel). The active fuel regions of these fucls may be
configured s wranjum-silicide, wranivm-aluminide or vranivm-oxide.  Fuels containing
significant quantities of U are excluded from receipt.

3. Aluminum-, incoloy-, or stainless steel-clad, wranium-zirconium hydride (other than ?33:_:}
TRIGA fuel types.

[ addation to the aluminum-based and TRIGA fuel types discussed above, ULS -arigin enriched uranium is
also used in the fuel elements of several fast reactors and other special purpose reactors, in the UD: roddad
fuel assemblies of several thermal research reactors, and in thermal homogeneous liquid and solid fueled
reactors. The enrichment of the uranium ranges from 2 percent to 93 percent. These fuels do not qualify
for management under the proposed policy because they were not included in the fuel types that were
eligible for return o the United States under the “ Offsite Fuels Policy” that was in effect in 1988,

B.LLY  Drata Sources and Assumptions

Information on curreat spent nuclear fuel inventories containing U.S.-origin enriched uranium at foreign
research reactors and temporary storage facilities was obtained from several sources: (1) (uestionnaires
seat out by DOE and returned by foreign research reactor organizations in 1993 and 1994, (2) data
summarized from irradiated fuel questionnaires sent out by and returned to the International Atomic
Encrgy Agency in 1953 and 1994, and (3) Reduced Enrichment for Research and Test Reactors (RERTR)
Program information on foreign research reactor fuel inventorics, operation, and fuel cycles.  Additional
information on reactor fuel characteristics and reactor operation was obtained from directories of nuclear
research reactors published by the International Atomic Energy Agency (TAEA, 1989),

Beginning with irradiated fuel inventory data, seversl assumptions were made, first to normalize the data
10 a coanmen starting date of January 1996, and then (o cstimate the number of irmadiated fuel elements in
reactor cores and the nimber of spent nuclear fuel elements that could be generated during the 10-year
pelicy peried (1995-2003). These assumplions are;

1. Muost foreign rescarch reactors will continue operation during the 10-vear policy period. If
permanent shutdown date has been specified by the research reactor operator, irradiated fuel
wis acoumulated w that date only,

!:-\.'l

The number of irradiated fuel clements in each reactor core was determined from available
reports and publications, or estimated. The estimated number of spent nuclear fuel elements
covered under the proposed policy includes the inventory within the core of each research
reactor at the end of the policy period. This would account for fuel elements in the reactor
core of research reactors that shat down during, or at the end of, the policy period,

1 This wranium-pxide compofizion refers to aluminm-clod fiel plates or et contmining dispersiors of D (n afwminen,
It does not include fwels containing D0 pellers clod in alionirum, gircaloy, stainless steel, oF other marerials,

13-4



FOREIGN RESEARCH REACTOF SPFPENT NUCLEAR FUEEL
CHARACTERIZEFICS AND TRANSPORTATION CASKZS

3. Known current and planned shutdowns for prolonged perdods of maintenance and
refurbishment have been incorporated into the estimates,

4. Dates for conversion from HEU to LEU fuel have been estimated, and the enrichment
change was incorporated into the inventory data.

5. Estimated irradiated fuel inventories have been included for reactors that are undes
construction and plan o begin operation before the Record of Decision date (assumed here
to be December 31, 1995) of the propesed policy using U.S.-origin enriched uranium,

6. Spent nuclear fuel from previously shutdown reactors with fuel in temporary slorage has
b nichudied

B.1.1LY  Foreign Research Reactors Eligible for Inclusion in this EIS

There are 104 research and 1est reactors located in 41 foreign countrics that possess aluminum-based and
TRIGA fucls containing U.S.-origin enriched uranium. These forcign research reactors are listed in
Tables B-3 through B-3. Table B-3 lists 76 reactors that possess aluminum-based fuel only. These forcizn
research reactors are amranged in a number of categories that depend on each reactor’s LEU conversion
status. Table B-4 lis1s 25 forcign research reactors that possess TRIGA fuel only, Table B-5 lists three
loreign research reactors that were converted from HEU aluminum-based fuel to LEU TRIGA fusl and
thus passess both aluminum-based and TRIGA spent nuclear fuels.

B.L14  Developing Countries

Far purposes of this EIS, developing countries are defined as countries having other than high-income
economies, on the basis of per capita Gross Domestic Product, by the World Bank (World Bank, 19945,
Two countries, Zaire and Taiwan, were not listed in the World Bank report. Zaire is considered here to
have a low-income economy; and Taiwan, with an estimated per capita Gross Domestic Product of
ST0900 (1594). is congidercd to have a high-income economy. The countries shown below qualify as
developing countries according to this criterion:

List af Developing Countries

| Low Income Fconomics | Lower Middle Income Economies Upper Middle Income Economies
Bangladesh Chile Eomania Argentina Slovenia
Indonesia Colombia Thailand Brazil South Africa
Pakistan Iran Turkey Gireeoe South Korea
FETI Jamaica Malaysia Uruguay
Peru Mexico Venezucla
Philippines Fortugal

1.2 General Characteristics of Nuclear Fuels and Spent Nuclear Fuel

MNuclear fuels consist of fissile materials that produce a net increase in neutrons when they absorh
ncutrens, and fertile materials that produce fissile material when they absorb newtrons.  The principal
Mzsile matcrials are E:'[_J. Flutoniwm-239 (BEPuj. and 13"'1; (Plutonium-241 or 2””Pu iz also of some
imponance).  The prncipal fertile materials are uranium-238 (H":U‘,l and Thorium-232 fzﬂTta}
CFlutonium-240 or 3'“'I:'P'u and wranium-234 or <M also play roles as fertile materials). The only fissile

B-5
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Table B-3 Foreign Research and Test Reactors that Possess Only Aluminum-Hased
Fuel Cﬂnmi.uing HEU and LEU of U.S.-Origin

! _ _ Fﬂﬂhﬂmhmrm' H'Iaﬁ-ﬂjl.l'
- [ \Pewer, | : i L5 Coamment
Reeclor Crlintry MW | Fuel Geometry | Enr.d E&z Enr.3 | (5ee Note)
HEU Beactors Fully- or Parfially-Coaverted b LEU Fuel _
|| RA-3 Argentina 3 |Plates . I - il
I ASTRA Auatria 10 [Plates g3 | 45 20
HIEA-R] Brazil 2 Plarcs L o S | 20
4/ NRU Canads 125 |Pin Cluster o3 | - 20
3l DR-3 Denmark 10 I Tubes 93 o L 1118 il
& OSIRLS Framee | 70 Plates - 0
7| FRL;-1 Crermany 3 Planzs x| i
B NRCER [ran £ 5 |Plates 93 - - - (2
4 IMTE Japan 50  |Plares i 43 i)
13| PARE Pakistan 5 |Plates &2 - ;o
I1|KR2 Sweden S0 Flates 43 it
HEU Reaciors that Have Ovdered LEU Fuel Elemenis for Conversion
12| GRE- Gresce §  |Flames = i) [1E3]
13| HOR Hugherlands 2 |Flatss @3 20 3
14| TR-2 Turksy 5  |PFlanes 9 ) ]
HWEL Reactars thar Can Be Converted v LEU Fieef :
15| RA-6 Argenting 0.5 [Flates 9 - -
L4 | HIFAR Australia I | Tubes B &0 20 (3
17| 5AR-GRAY Austriz O | Flaies 90 i
15| MNR Canada 2 |Plales 93 - 0
19 | Slowpoke - Albera Canada 002 [Pin Bundle 943
20| Slowpeke - Halifax Canada (.02 |Fin Bundle a3 - -
21 | Slowpoke - Montreal Canada 002 |Pin Bundle a3
22 | Slowpeks - Saskatchewan | Canada (L2 [Pin Bundle a3 -
23 | Blowpoke - Toronin Canada 002 |Fin Bundle 93 -
24 LA REINA | Ehile 5 Plales g0 -
25| IAN-RI Colombia .03 |Plates a0 - - —
26| EOLE France .01 | Plates 93
27| MINERYE France 0.003) Flates 23 - -
28 |SCARABEE France ] Plates 23 &
20| Srashourg - Cronenbourg | France 00 |Plstes on - -
30) Ulyssee - Saclay |France 0.0 [Plates il -
31 BER-II Germany 10 Flates o1 - 20 ]
33 FRI-2 Crermany 23 Tuakes B0 . 20 (3]
31 FRM Germarny 4 |Plates 53 45
34 IRR-1 Israzl 5 |Plates 93 0 3]
35 Slowpake Jamaica 0.02 |Pin Bundlz 93 -
26 IMTRC Japan 1] Flates 23 45 -
37| IRR-4 Jzpan 3.5 |Plates o3 . 20 (3
1B EUCA Japan 0 Plates 23 45 -
 w|Kur Japan 5 |Plates a3 il i3
4 UTR Kinki Japan 0 |Plares gl -
| 41| HF® Petzen Metherlands | 45 | Plates 93 0 i3
42| LFR Mesharlands 003 |Plates 53 -
_ 43|RPI Pomupal 1 | Plates a3 il
44|5aFARI |5, Alrica 20 |Plares o3 (4

B-a
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: Ceminrent
i Counfry | MW {ree Norg)

45[R2-0 Swedsn - -
48 [EPRL Tabwar 001 |Flates &3 - 20

HEU Operating Reactors that Cannot be Converted with Clirrént Technola gy L
47[BR-2 Bclzium £0  |Tubes 9043 =
48 | ORPHEE _|France 14 Flabes 93 - . N
49| RHF France | 57  |Iovalute Plates 93 . -

RHEL Operaring Feaciers Annsunced i be Shardown : |
S0\ 5ILOE France 35 Plales 93 45 20
51|SILOETTE T 0.1 |Plates 93 - ]

51 FMER Germany 1 [Plates 93 - -
53 FRG-2 Ciemmnany 15 |Plates 0 - 83 . 9 |
M|IRR-2 Japan 10 |Plates B3 45 -
55 [ UTR 300 L. K. 03 |Plates &0 -

Shwidawn Reactors Possessing HEU Fuel X :
| MOATA Australia - Flatzs 40 -
$7|BE02 B Belgium - |Tuhes Fall
[ MEX Canada - Fin Clozter 43 - -
39| FTR. Canada - |Flates 43 . -
60| Slewpoke - Kanata | Camula - P Bundle 493 |
61 |MELUSIME France ; . Flates -]

| GALILEG [ezly - |Plates 89

A3 [ISFRA-1 [Lzly - |Plates a0 . - ]
B [ BAMA Iialy = |Plates w0 - 20
a5 JEN.-1 Spain - |Plates 79 - 20 (5
64| SATHIR Swilzerland « _ |Plates B3 45 20

LEU Operating Beaciors Potiessing Only LEU Fuel
67 | Ba-{ ntina 001 |Flates S . - 20
B3 | Arpomanta Birazil 0.2 [Plates - - ]
69| RSG-GASIH Indonesia E 1] Flates - - 20
10| JRE-3M Tapan 10 [Plabes - = |
TITTR-1 Japan 1 |Flates - - 0
T2 {RP-10 Peng 10 |Plabes . - el |
T3 EMRER 5, Horea 3d Fin Cluster - - 20 ]

LEU Shurdorvn Beactarr Parsessing Orly LEL Fuel N
T4 THAR Taiwan - |Plaes - . 20
IFRU-1 Llroguay - Flates - - 0 ]
THIRY-1 "'."Eﬂl:g,l}:[é - Plates - - 20

" Initial ensichneenss, in wrfg.ﬁr-'l-mﬁ. of the fuels possersed or anticipated 1o be posressed by each regeror.
Cnly fueels comtaining uranium of UX.-origin are included,

Maote:
(17 Converted ta LEU fivel of Soviet origin
(2} Converted to LEU fueel aff Chinese origin.
{3} Ure af fuel cortaining LEU of U.5.-erigin is anticipated to begin before 2001,
(4} Currertly wser HEU of Sowth African wrigin,
(31 JEN.I fuel s carrearly being stared in Deknreay, Soatland,

(6) The KMRER reacior in South Korea bepon operation wring LEU alwnina-based fued in Jonuary 15905,

B-7



APPENDIX &

Table B-4 Foreign Research and Test Reactors that Possess Only TRIGA Fuel

Containing HEU and LEU of

US.-Origin

e 7 m._t, LA Chisin
Beactor Geametr &
Eracerrs Porsessing HEU Fuel
1| Viermia Asfria 25 Rauds T 20
2| Ralapear Mexico 1 Feouls Tk 20
355K Romaniz 14 Eods 93 20
4 | Ljnbljana Skvenia 0.2% Rz 0 20
3 | Seaul #2 5. Korea 2 Bouls ] il ]
| Heactors Possersing LEU Fusl :
6 | Dhaka Hangladesh 3 | Rods 20
T Belo Barjr. Brazil - Iz i ]
8| Halzinki Finland .25 Fods Al
4| Hannoves Germany . Rasds - 20
LU | Heidelhers Germany .25 Badls - a
11 | Mafine Gerrnany 0.1 Raodz 20
12 | Barshang ! Indonesia I 1 Rals 20
L3 | Yogryakarta ! Indancsia .1 Rods 2
14 | Pavia | Italy 015 Eouts it B
15 | Rume ltaly 1 Riods 20
L6 | Mushashe [nst Tapan 0.1 Bods i
17| NERR-Tokai Tapan 0.3 Rods i)
153 | Bikkyo U Tapan 0.1 Fods 20
19 | Fauala Lumpas Malaysia i .oz 20
20| ACPE E.omania 03 Rods - 2n
Il | Seoul #] 5. Korea 025 o 20
| 22| Istanbul Turkey .25 Reds 20
23 | Imp Chsern Ind. LK 0,25 Rauds 2
24 | TRICOTT | Zire 1 Rods 0
FNhatdewn Beacirs
25 | TRICC | Zaire | | Roas | | | il

# Initial errichments, in wisig -5 e, of the fuels possessed by each reactor. Only fuels containing

wraniwm af D5 -origie are included

Table B-5 Foreign Research and Test Reactors that Possess Both Aluminum-Based

and TRIGA Fuoel Containing HEU and LEU of 1U.5.-Origin.

S ﬁ Sy LR Ehripin
Reactor Couniey FPower, MW | Fuel Geometry Enr.3

1{FPBER-1 Philippimnes 3 TRIGA Fods . 0

. Plates ] 20

I THOR Taiwan 1 TRIGA Rods . il
. Males P

3| TRE-1 Thailand 2 TEIGA Rods . m
Plales )

® nitial eArtCkments, in welgpls-%

FEL]

wrandunt gf L5 -orgin are included

Nade:

L, of the fieels possessed by each reacior, Caly fuwelr condniniug

All three of these reactors have Been converted from plate-type, aluminum-bared HED fuel to TRIGA LEU fieel. The
FPRR-I reactar in the Philippines posserses borh HEU ard LEU cores of plate-type sluminuwr-bared el eloreens,
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material that occurs in nature in 2 significant quantity is 50U, Natural ueaniom consists of 0.711 weight
percent (wio) 350, 99,283 wio & EU; and 0,0055 wio ' as a negligible trace constituent, Uranium-235

15 the cnly fissile material used in foreign research reactors.

In a research reactor, the fuel matrix typically consists of enriched uranium metal in an alloy of aluminum

or zirconium hydride. The enriched uranium may contain up to 93 weight percent *U. The fuel matrix

form is eather plates (flat or curved), mbes made of three curved plates, or pellets combined into rods, The

cladding is the encapsulation (typically aluminum or stainless steel) that surrounds the fucl for

confinement and protection. The structural part of a fuel element holds fuel plates or tubes in the proper

configuration and directs coolant flow (light or heavy water) over the fuel, Struetural parts are usually

aluminum, The fuel rods do not require additional structural parts. The size of a fuel element ranges from

approximately | kg (2.2 1b) 1o more than 100 kg (220 1b), and lengths range from 76 to 300 em (2.5 tos
9 ).

As the fuel m a reactor is irradiated, it undergoes nuclear transmutations that canse its COmposition Lo
change. In the reactor, the fissionahle materials in the fuel undergo a process called “fission reaction.”
Fission reaction occurs when an atom of 27U interacts with a free neutron causing the 1 atom 1o split
mto two lighter nuclei which are referred to as “fission products.” The fission reaction also results in the
release of heat and additional free neutrons that are available to sustain the fission reaction or to maintain
eriticality.  In addition to fission products, heavier elements such as plutonium and other isotopes of
uranium are formed when uranium in the fuel absorbs free neutrons rather than undergoing the fission
process. The changes in composition of the fuel bring about changes in the fission reaction rate of the fuel,
As the reactor operation continues, the fission reaction rate decreases and eventually the reactor will na
longer remain critical unless some spent nuclear fuels aré replaced with fresh fuels. The discharged fuel is
called " spent nuclear fuel.” The extent of change in the composition of the fuel is expressged in terms of
“hurmup,™ in either percent {atom percent) of fissile material consumed, or the number of megawatt davs
of heat released per element {or per metric ton of uranium).

When initially discharged from the reactor. spent nuclear fuel is highly radicactive and gencrates a
sigmficant amount of heat, Therefore, the spent nuclear fuel must be stored in 2 wet pacl that provides
beth shiclding and coaling environments. The cooling is required in order to prevent the spent nuclear fucl
from being damaged by the heat that fission products generate, and the shielding is needed to protect the
wiorkers who handle the fuel.

The quantity of radioactive material in spent nuclear fuel, and the resulting heat generation, decreases over
lime because of decay of fission products in the spent nuclear fuel. Radicactive decay refers to a process
whereby the radicactive elements underge nuclear transformations that ultimately convert them to stable
(nenradioactive) elements. Many fission products formed during reactor operation have shor half-lives
{the (me required for a quantity of radioactive material to decrease to one-half of its original amount} and
ethers remain radioactive for tens to thousands of years. The high initial quantities of fission products in
the spent nuclear fuel put the greatest reguirements on providing shielding and cooling during the first few
months after the spent nuclear fuel is discharged from the reactor, The rapid decay of shon half-lived
radicactive material leads to reduction of the amount of radicactive material in the spent nuclear fuel aver
fime. This, i tur, reduces the need for continued storage of the spent nuclear fuel in a wel poal. After
about | year, the heat generation rate in a spent nuclear fuel element decreases to ahout one percent of the
level present at the time of its discharge from the reactor, and this heat gencration rate would not damage
the spent nuclear fuel if it is stored in a “dry™ cask in preparation for transportation and dry storage,
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B.13  Foreign Research Reactor Spent Nuclear Fuel Designs

Foreign research reactors wse a number of different fuel designs. These designs can be organized into five
categories: (1) plate-type design, (2) concentric tube-type design, (3) pin-type design, (4) special-type
design, and (5) rod-type design. The first four designs are aluminum-based fuel while the fifth iz a TRIGA
type. The first two fuel types (plate-and tube-type fuels) are known as material test reactor (MTR) fuels.
The following summarizes specific characteristics of the different types of fuel named ahove.

B.13.1  Plate-Type Design

This type of fuel design is used in the majority of foreign research reactors. The thermal power of these

reactors ranges from 1| MW to 30 MW. Figures B-1 and B-2 show typical fuel elements usin%this type of
fuel design. The numiber of fuel plates in an element varies between 6 and 23, and the initial 2 content
varics between 37 g (1.3 o) and 420 g (14.8 oz) per element. blm.llﬂl’lj.’. the average burmup of a

discharged spent nuclear fuel varies between 15 and 76 percent { 51 atom percent). The wranium

enrichment in this type of fuel varies from just below 20 (0 93 percent.

The following provides additional information on a typical plate-type spent nuclear fuel element which
was uged ina 30 MW foreign research reactor, as shown in Figure B-2.

The fucl element is made of an alloy of 23 percent by weight of 93 percent enriched uranium in aluminum

with a thin {(1.38 mm) aluminum cladding. Each fucl element contains 19 fuel plates. The nominal
dimensions and weights of each fuel plate and the fuel clement arc:

 Fuel Plete Elernent Eletens {crat)
Diimenglons (el |
I englh 1 T78 1,200 Ak
Width | 708 TR T
Height 1.7 7.0 1.0
'I'i-.-'lg.ﬁ (7l ——
o . | 15 285 285
Tolzl | 00 i P 2500
Hurmep
5 ) 1 3 50 &0
£y |
* Thickness

The cut clement reflects that portion of the fuel element that containg fuel material, The aluminum nose
cong and e aluminum Wy section of the fucl clement are cut to reduce the size of the speat nuclear fuel
prior to shipment. This action is wsually performed at the foreign research reactor site if the site is
equpped w0 do 5o, The cutting is necessary to pack more cul elements in 4 transportation cask, and also
since some casks cannot accommodate the whole element length

B.13.2  Concentric Tube Design

This type of fucl design is used in four foreign research reactors: Australian (HIFAR), Belgian (BR-2),
Japanese (JRR-2) and Danish (DR-3). The Belgian reactor is 2 125 MW reactor, and the other three are
cach 10 MW, Figure B-3 shows a typical fuel element using conceniric twbe (tubular) fuel type. The
number of fuel tubes in an element varies between 4 and 6, and the initial “°U content varies between
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Figure B-1 Typical (Boxed-Type/Flal Plate) Aluminum-Based Fuel Element

Schematic

R-11




APPFENDIX B

Ta2

oz

Poart Mo, Maoms of Part Mdoaberial Mrmioas
1 Bothom Adopter | Alurmicen Alay 1 \\
oz Top Ackopio Adurrdram ARay 1 .
[ 4] e Pote Adurriram Aloy 1 —
3L Sda Pote Alurrirwen Aoy 1
4 Ciatad Fual Element A0 ABery 2
5 It Fussd Elarmesnt 1-AL ARy 15
& Comb Alurriresn Abay 1
T Comb Pin Alurnirdam Aoy 1
Unit = mm
Cutting
v
|
Loadad
Cutting

(T

B-12

Figure B-2 Typical (Boxed-Type/Curved Plate) Aluminum-Based Fuel Element
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Figure -3 Typical (Tube-Type) Aluminum-Based Fuel Element Schematic
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150 g (5.3 o) and 400 g (14.6 0z) per element, The avcrage burnup of discharged spent muclear fucls
from these reactors ranges between 47 and 55 percent | 50 atom percent). The uranium enrichment uged
in thig fuel varies from just below 20 to 93 percent.

The following provides additional information on a typical tubular type spent nuclear fuel element (shown
in Figure B-3) that was used in a 10 MW reactor,

This fuel clement initially contains 220 g (7.7 oz) 2MU, and congists of 5 concentric fuel tubes. Each tube
15 made of three curved fuel plates. The fuel is an alloy of wranium in aluminum with a thin (0.38 mm)
aluminum cladding. Five different curved fuel plate width sizes with 1.27 mm (005 in) thickness and
625 mm (24.6 in) height are used. The overall outside diameter of the outermost tube is 103 mm (4 in).
The plate width and the 90 content for each Plate size are:

?

. Plate Number | Fo 2 : S 5
Width {men) ] 5748 A 758 B4R 3.7 |
i) E 070 12.70 14.60 | 16,60 15,60

The overall dimensions of a cul element, leaving the fuel portion intact, are 103 mm (4 in) outside
dizmeter and 664 mm (25.4 in) in length, with an overall weight of approximately 6,000 g {13.2 bs).

BI133 Pin-Type Design

Three types of loreign research reactors use pin-type design fuel. They are: the Canadian Safe LOW
EQwer critical [K] Experiment (SLOWPOKE) (20 kW power); the Canadian NRU (125 MW power) and
South Korean KMRR (30 MW) reactors; and the Romanian TRIGA (14 MW) reactors. Among these
reactors, the SLOWPOKE fuel pins are the smallest in size and uraniem content. The NRU and KMRR
reactor fuels are considered special type fuel, and the Romanian reactor fuels are TRIGA or rod-type fusl.
Special-type snd rod-type materials are discussed below.

The SLOWPOEKE reactor fuel pins have an outside diameter Ef 4,73 mm (0.2 in), a length of 220 mm
(8.7 in), and contain 93 percent enriched uranium fuels. The B3y comtent of n:a::h pin iz 2.8 g (0.1 ax).
The maximum fuel burnup of discharged spent nuclear fuels is about 2 percent (U atom percent) in 10
to 20 years of reactor operation,

The SLOWPOKE spent nuclear fuel pins are usually bundled together in 10 1o 15 pins per bundle. In the
pist, this fuel was shipped to Savannah River Site in 50.8-mm (2-in) outside diameter, 2.9-m- (9.6-ft-)
long canisters containing betwesn 150 to 160 pins per canister.

B.1.3.4  Special-Type Design

Special-type design fuels are used in the French RHF (37 MW power), Canadian NRU (125 MW power)
and NEX (24 MW power), and the South Korean KMRR (30 MW) reactors. The fuel I¥pe in the
Canadian research reactors consists r:-!' clusters of about 3-m- (9.84-ft-) long uranium aluminum alloy fucl
pins clad in aluminum. The initial **17 content of cach fuel cluster varies between 491 g (17.3 ox) and
545 g (192 oz). The current operating reactor (WKL) uses a fuel element that consists of a cluster of
12 long pins containing 491 g (173 oz) of U per cluster, Each fuel pin has an overall length of 296 cm
(116.5 in), and the fucl portion is 274.2 cm (1079 in) long. The fuel cluster including the Mow tube is et
o a length of 292.6 cm (115,2 in) before s]]imu..m The average burnup of discharged speat nuclear fuels
from an NRL reactor is about 76 percent ( U atom percent), Figure B-4 shows a 12-pin cluster NRU
tuel element. The fuel in the South Korean research reactor consists of two types of fuel clusters; one is

B-14



FOREIGN FESEARCH REACTOR SFENT NUCLEAR FUEL
CHARACTERISETICS AND TRANSPORTATFTION CASES

Chifllce Saction

Fuel Elamants (12) Cuting

Fual Spacears (&) A

Fiow Tubs

sl
Fual Elernants
Hangear Flate
R ¥
Cutling
Doutds Bulge End

Unitg = mim,

'l'?igun: B-4 Typical NRU Type (Aluminum-Based) Fuel Element Schematic
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13 ]:'ill-‘ilgﬂf cluster with an initial = U content of 248 g (8.7 oz). The second is 36 pins per cluster with an
initial = content of 435 £ (1 Ib), The expected burmup of a discharged spent nuclear fuel from this
reactor is approximately 65 percent (“'U atom percent).

The fucl used in the RHF research reactor is an annular-type fuel clement. The RHF research reactar uses
only one fuel element at a time. The RHF fuel element contains 9.2 kg (20,3 1bs) of uranium, enriched 10
93 percent, in U in 280 involute fuel plates made of uranium aluminum alloy (UAls-Al) clad in
alurminum.  The weight of a cut element is about 100 kg (220 Ibs). The fuel is in the annules of twa
aluminum tubes: the inner wbe has an outside diameter of 274 mm (108 in), and the outer tube has an
outside diameter of 414 mm (16.3 in). The expected average bumup of a discharged spent nuclear fuel is
b percent [2351.’ atom pereent). Figure B-3 shows a schematic drawing of a coenfiguration of annular fuel
element sinmlar to that of EHF fuels,

B35 Hod-Type Desian

This fuel type design is used in TRIGA research reactors. These research reactors have power ranging
from 100 KW to 14 MW, The TRIGA fuel is mainly made up of three basic types of fuel elements:
aluminum-clad elements, stainless steel-clad elements, and incoloy-clad elements.  All aluminum-clad
elements and stainless steel-clad elements are 38.1-mm (1.5-in) diameter by 762-mm- (30-in-) long rods
including end fittings (see Figure B-6). The incoloy-clad elements are of the same length, but with &
smaller diameter, ranging from 13.7 mm {0.54 in) w0 30.7 mm (1.2 in). The 13.7-mm (L34-in) fuel is
currently bemng used in the Romanian TRIGA research reactor. The fuel is a solid, homogeneous mixture
of wranivm zirconium hydride alloy, A 6.35-mm (0.25-in) hole is drilled th rough the center of the active
fuel section to facilitate hydriding; a zirconium rod is inserted in this hole after hydriding is complete.

The aluminum-clad elements are the original TRIGA fuel rods that are stll in use at some foreign rescarch
reacters. The active part of the aluminum-clad fuel element contains about & parcent by weight of uranium
enriched 1o just below 20 percent * 1. The hydrogen-to-zirconium atom ratio is approximately 1.0, The
initial loading of “**U is about 38 g (1.3 ox). The average burmup of this type of fuel is about & percent.
Each rod weighs 3.2 kg (7.04 lbs) on the average,

The current standard TRIGA fuel rods are the stainless steel-clad elements. The fuel content of the
stainless steel element can vary according o the type used. The fuel content of 2 standard rod consists of
& to 9 percent by weight of 19.95 percent enriched uranium [about 39 g (1.4 0z) UTT}EU] in Zircomium
hydride, with a hydrogen-to-zirconium atom ratio of 1.7, Another 15?_ known as FLIP, contains
8.5 percent by weight of 70 percent enriched uranium [137 g (4.8 0z) of U] The annular core pulsed
reactor fuel tvpe contains 12 percent by weight of just below 20 percent enriched uranium [abour 54 g
(1.5 o) of “7ULin zirconium hydride with a hydrogen-to-zirconium ratio of 1.7, The expected average
burnup of the discharged spem nuclear fuel is approcimately 15 percent. Each rod weighs 3.6 kg (7.9 1hs)
on the average.

The incaloy-clad element has a longer active fuel length [558.% mm (22 in) compared o 381 mm (15 in)
for standard stainless steel-clad]. The fuel section consists of four pellets, each 139.7-mim (5.5-in) long,
and contains approximately 43 percent by weight of uranium enriched o 20 percent [approximately 54 g
(1.9 ox) of UL in zirconium hydride. There are no graphite reflectors within this element. Instead, a
T6.2-mm (3-in} spring is inserted at the top and bottom of the element, and stainless steel end fixtures are
attached 1o bath ends of the can. The expected average burmuep of this fuel in the Romanian TRIGA
regclor 15 about 52 percendt.
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B4 Deseription of the Bounding Radionuclide Inventory

The spent nuclear fuel radionuclide concentration (or inventory) is directly related to the initial mass of
fuel {fissile and fertile), the level of burnup, and the cooling period (or decay period) following fuel
discharge from the reactor. The fuel burnup is 8 function of the fuel position inside the resctor core
resulting in some fuels burning more than others. A well-designed fuel management program, however,
reduces burnup varations ameng fuel elements. The radionuclide generation in an iradisted foel is a
funcion of reactor power level and the duration of irradiation process. Rescarch reactors have irregular
irradiation profiles, and are typically operated al various power levels, For the calculation of the
radionuclide inventory, each fucl clement was assumed to have been burnt uniformly and continuously at
full reactor power before its discharge, These assumplions maximize the radionuclide inventories of the
spent nuclesr fuel. As stated earlier, the cooling or decay time after fuel discharge from the reactor
dletermines the amount of radionuclides that remaing in the spent nuclear fuel.

Based on the discussion in Section B.1.3, the foreign research reactor spent nuclear fuels were grouped
it three classes and four fuel categories for the determination of bounding radionuclide inventories, This
subdivision was created in order to provide a betler representation of potential radionuclide inventories
assoctated with each type of fuel. This subdivision also provides a means for idemtifying the type of
transportation casks needed, and estimating the number of spent nuclear fucl shipments. The radionuclide
inventories per shipment arc needed as inpet to marine and ground ransportation and ecask handling
impact analysas.

The selected fuel types for the determination of bounding radionuclide inventories are:

L. Special. These are aluminum-based fuels that are neither TRIGA nor MTE. Special fuels
arc also different in size and gFeometry.

la. ingle Element Reactors, Spent nuclear fuel from research reactors that operate with
ane clement (e.2., RHF of France). These spent nuclear fuels contain several kg of
31 and require special shipping baskets, casks, and transportation analyses,

Ib.NRU Type Spent Nuclear Fuel  Spent nuclear fuel from Canadian Research
Laboratonies”  research reactors {eg., NRU, and NEX) that require  special
transportation analysis. These spent nuclear fucls are geometrically different from an
MTR-type and TRIGA spent nuclear fuel both in cross section and length, and require
special shipping arrangements in addition to heing transported overland by truck or
rail,

MTR Spent Nuclear Fuel. This category covers all MTR-type spent nuclear fuels. These
spent muclear Muels have similar geometrical characteristics and use common type
transportation casks.

£

A TRIGA Spent Nuclear Fuell Spent nuclear fuel from TRIGA reactors, These spent nuclear
fuels also have almost similar geometrical characteristics and use common iypes of
ICANERoriation casks

In the case of special-lype fuel, the bounding spent nuclear fuels are the RHF of France and the NRU of
Canaila, For the identification of a bounding spent nuclear fuel within the MTR and TRIGA fuel tvpes, a
series of ORIGEN2 (Croff, 1980) computer runs was made using differcnt spent nuclear fuels within esch
tuel type. ORIGENZ gencrates the radionuclide inventory in a spent nuclear feel based on the fuel hrurnup,
initial fissile and fenile inventory, and decay time, The radionuclide inventories of sclocted bounding
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spent nuclear fuel within each fuel type were determined assuming that the spent nuclear fuel has been
cooled for a specified period after ite discharge from the reactor. In order to maximize the radionuclide
mventory per transportation cask, a review of the potential casks was performed. Tt was determined thar
the use of IU-04 (Pegase) transportation casks, maximizes the radicactive inventory and requires the
shorest cooling peniod (maximum of 1 year) (see Section B.1.6). Based on this review, the coaling period
for each bounding spent nuclear fuel was determined. The bounding spent nuclear fuels for MTR and
TRIGA type fuel are found to be BR-2 type spent nuclear fuel, and a spent nuclear fuel from a 3-MW
TRIGA reactor burning 31g (1.1 oz) of in3 years, respectively. The bounding TRIGA spent nuclear
fuel wdentified here is a theoretical bounding fuel for this category,

Table B-6 provides a list of the radioactive 1sotopes and their inventories for selected bounding spent
nuclear fucl types. The list of isotopes is generated from ORIGEN2 output based on the following .:r';[e;i:i;

1. All isotopes (from a hist of 270 elements) that could have a potential to contribute 1 mrem
from inhalation and ingesticn are considered. The estimates of dose associated with each
isotope intake were based on the effective comminted dose equivalent factors provided in
DOLEEH-00T1 (DOE, 1988).

2. Once all isotopes were selected, those that contribute 1o 99.9 percent of total health hazard
were chosen.

233 238

3 Isolopes such as 35}°1r. L, and LI were added @0 the list az historically sigmificant
isotopes, although they do oot meet the above criteria,

It 1= impartant o note that the radionuchde inventories identified here are for calculational purposes only.
The majonty of the spent nuclear fuels would have lower radionuclide inventories than what is identified
here, and the likelihood of 2 full cask containing maximum inventory during the acceptance policy period
would be low. By the time the policy would become effective in late 1995, there could be about
10,000 spent nuclear fuel elements, of which 80 percent would have had more than 2 vears of cooldown
(decay). The number of spent nuclear fucls that receive maximum burnup used in the estimation of the

rachonuclide inventory is very small when compared to the total number of the spent nuclear fuel elements
estimated in cach fucl category.

H.1.5  Characteristics and BEadionuclide Inventories of Target Materials

Under Implementation Aliernative 1 10 Management Alternative | of the proposed action, DOE would
plan 10 manage target man:na] Fhe total amount of target material is estimated 1o be about 0,56 MTHM
having & volume of 6.5 m° (230 ). Target |Im[43rm|': are residual mst:nsls from target fuels that have
been iradiated in a research reactor to produce © Mo, which decays o *Te, a medical isotope.  Four
countries (Canada, Belgium, Argentina, and Indonesia) use target fuel containing U.S.-origin enniched
uranium for the production of medical isotopes, Canada, Argentina, and Belgium currently use
aluminum-based targets containing HEU, and Indonesia currently uses a targer that consists of a layer of
HEU oxide (UQz) material plated on the interior surface of a stainless steel tube. The distribution of 1arget
materials from these countries includes: 0.525 MTHM from Canada; (.029 MTHM from Belgium;
(L0014 MTHM from Iild'i:l[lﬂ‘-]d. and 0.OBLT MTHM from Argentina. A target fuel is irradiated o a burnup
level of about 3 percent (7 atoms percent) before being discharged from lhc reactor, Once the target
fuel is removed from the reactor, within a short period the fuel is dissolved and **Mo is separated from the
selution. The residual material is then decayed. Prior to shipment, the residual materials are transformed
to an acceprable form.
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Table B-6 Bounding Radionuclide Inventories per Element for Selected Fuel

Categories (Caries)

Isotape R RHE = NRU TRIGA
Tritiurn A0 37 -1 ] (1,528
Krvpton 83 G8.7 1,070 113 910
Sroatium 35 1.133 17,600 Aih 5.8
Slrontinm 90 aTh 5,930 W7 e
Fitriam 90 578 29350 a4a7 T
Yitriam 91 2030 31, A0 R42 115
Lirconium %3 2,972 44630 1410 163
Mishinm 45 6,111 g 0K} 30060 330
Rutheniun 103 47 377 (i 3.1
Ehidium 103m 47 37 B0 21.1
Futhenium 104 597 R ] Ti? B35
Ehgabium 1{4m a7 g.160 T67 3.5
Tia 123 11.% 154 0.0 0,978
Aty 135 243 81 38,0 208
Tellugium 125m 59 Q0.6 .31 D718
Tellurium | 27m 244 381 184 1.4
Tellucivm [ 35%m 525 798 0955 578
Cesinn 134 4496 4 (HX} 1,483 X0
Cesiom-157 572 5870 055 798
Cieriam 141 15% T 277 175
Cegium 144 ) BA4T 135 00 10,600 b33
Prazeodyoiwm 144 B.65T 135,000 10,500 £33
Fromethivm 147 ) 1342 24600 1.2:0 175
| Promcthaung L4%m 210 21 00583 1.17
Furapinm |54 17.2 1653 6.3 1.05
Europium 135 3.1 454 102 1.563 ]
Uranium 234 DOMI2SS 0000374 (L00a 54 (L4532
Umanium 335 0LOKIGET QL s (L0253 L0055
Uranium Y38 0,004 T 0000205 QL0011 L0 63
Flulopimn 238 178 103 11.3 00740
Fltoniem 339 (k] 0.0E8D 00138 0.0L3E
Flutenium 240 00333 0421 0.013 00523
Plutenzum 141 TR 87,7 295 533
Aanericium 241 Q11 L0867 000517 Q02
| Advericiun 24 3m (O 2 Q00155 QKIS0 0225
Americinm 243 Q0120 AMERTE (0146 Q0000 1
Cuzitun 242 (LSR5 127 (02 (L131
| Curitun 244 00369 (L2 (0113 OLOGITE
Tixtal (Curses) 35128 546, (HK] 34,7040 2,740
Thermal (W alls) 147 2,230 L50 10,4

There are corrently two methods for preparing the residual materials containing aluminum for ransport,
The first method is calcining and canning the material with the existing aluminum, and the second is 2
methid that first removes aluminum from the residual materials and then oxidizes the remains, The final
products are then canned, A process similar to the latter is used for the Indonesian larget materials, Since
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the Indonesian target materials do not contiin aluminm, no aluminum separation is necded. In this case,
i precipitation process is used to separate the targel materials from the solution. The precipitsted materdals
are then dried and canned in preparation for transport.

The canned material from the first process containg 40 grams (1.4 oz) of iy per can. The sccond process
allows a higher amount of E'Su, 200 g (7 oz), to be packed in a similar can. Can material could be
aluminum or stainless steel. In the past, the target material was shipped to the Savannah River Site in
aluminum cans 64 mm (2.5 in) in diameter and 280 mm (11 in) long. The use of the first process would
result in a total 140 shipments of this material to the United States, and the second process would result in
atotal of 57 shipments. These number of shipments were estimated based on an assumption that the target
material cans would be in transportation casks that would not contain other types of spent nuclear fucl,
However, in all likelihood, with small amounts of target materials (such as Indonesia and Argenting),
wiruld not slip & partially filled transportation cask when other spent nuclear fuel could be added to fill thé
cask.  Therefore, these estimates represent an upper bound on the total number of the target material
ggymacnts- The radionuclide inventory of a target material can containing from 40 to 200 2 (1.4 0 7 o) of
“U, andd that of & transportation cask containing this material, is given in Table B-7, This inventory is
estimated based on 1 year decay time of the target material solution before the canning process.

B.1.6  Foreign Research Reactor Spent Nuclear Fuel Shipment Estimates

Tables B-1 and B-2 provide the estimated number of foreign research reactor spent nuclear fuel shipments
from cach country. These estimates were based on a set of assumptions that maximize the polential
impacts from transportation. . Review of the potential transportation casks identified eight casks with
various capahbilitics (sce Section B.2.2). These casks are certified to accommodate between 1 and 126
spent nuclear Meel clements per cask based on a variety of cask cavity configurations, Each transportation
cask can be certified w ship different fuel types by using various baskets in the cask cavity, For example,
# transpartation cask like IU-04 has been certified to accommaodste several different fuel types by using
various haskets in the cask cavity. On the other hand, a cask like LHRL-120 is currently centified 10
accommodate only one specific fuel type (Ausiralian HIFAR fuel). Based on this review, TU-04 was
ikentificd as the bounding cask (highest curies content for the number of elements shipped per cask) for
the transportation gocident analyses.

In an aftempt o capture various types of spent muclear fuel, maximize the amount of radionuclides per
cask, and allow for potential partial cask shipments, for the purposes of the analyses in s EIS, the
following assumptions were made to estimate the number of shipments for each type of fusl:

. The number of shipments for MTR-type spent nuclear fuel elements was estimated based on
30 elements per cask, The radionuclide inventory per cask was estimated based on a full
vask, that is, 30 spent nuclear fuel elements of the bounding MTR-type (BE-2 fuel) per cask.
One exception: for the Australian spent nuclear fuel, cask LHRL-120 which was built
specifically for this fuel was used for estimating the number of shipments, The allowed
raionueclide inventory in this cask is the smallest of all casks identified. Monetheless, cach
of the LHRL-1Z0 casks was assumed @ contain the same quantity of radionuclide
inventories a5 that of a cask containing 36 elements of the bounding MTR-type spent nuclear
fucl.

2. The number of shipmenis for NRU-type spent nuclear fuel was estimated based on 24 NRU

elements per cask.  The radionuclide inventories per cask werse also hased on 24 NRU
elements per cask.
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Table B-7 Radionuclide Inventories of Target Material per Can and per
Transportation Cask (Curies)

Curies for 41 7 200 M@fmgﬂsﬂ Eﬂ&ki&ﬂ‘&ﬂwﬂ&ﬂg | Cask Curies with 201 ¢
fsotape per Cant . perCa prrlf’h perCen

Strontium 89 4.00E 4K 203E+n 195E+02 4£TE,+|.'.E
Strontium 90 3.28E+00 1.64E+01 1.58E+02 34BN |
Yitrium 90 1 RE 00 1.5 E+01 1.58E+02 S4B+
Witriom S I8EL02 1.E4E.0] E6YE+02 5.22E+02 |
Firconium 95 1.18E+01 S00E+01 SGTE+D2 1.42E+03
Miokium 95 LA3E4+0] 1.2TE+ 2 1.21E+03 3.04E+03
Bt 103 TAE-01 AVZE+0) 3. 5TE401L BEAEL0l |
Ehadium 103m TR0 3. T3EHM 33EE+ E45E+01
Rutkemivm 104 31IE+N) 1. 55E+01 1 49E=02 3. T3E+02
Rhodium 106m 3.11E+00 1556401 1.49E+02 336402

Tin 123 6 0E-02 LRE-O1 A TOE+0 G.T4E+

[ Antimony 125 1L4E-01 §.8E-01 6.5 1E+00 1636401
Tellerium 123m _30ED2 1.4E-01 1. 56E+00 SO1E+00
Tellwrvam 13 Tm 1LIE-01 S.6E-01 A, ARE400 1.35E401
Tellurium 19m 1,002 TOE-A2 6.7E-01 LERE+00 |
Cesium 134 1.0E-0% &, 0E-02 a.1E-01 1.53E+00
Cesium-137 3. 2GE+00 1LAZEE+HI1 1.36E+{2 181 E402
Cerium 141 4. 2E0 L11E+03 2 03E+01 S07E=01

Cerivm 144 | 4.53E+01 LATE+02 2.18E+03 SA4E 05
Prasocclyminm 144 45TE+D] B+ 1 HE+03 SAYE+OS

[ Promethium 147 LOTE+01 5.36E+01 5.14E+02 129Ee0G |
Fromethivm |48m 5. GE- (k4 2 33E-03 143E-02 07 E-2
Europiun L34 163E-03 8.23E-03 TE-2 1. 487E-01
Bureqinm 155 A.9TE-02 3ARE-O1 335E+D0 83TE+00
Uranium 334 1L 42E-07 TOSE-OT G.BIE-06 1.70E-05
Urinium 233 B.23E-03 4,15E-04 3.95E-03 Q.95E-03

[ Uranium 235 L SOE-06 7.52E-06 7.22E-05 LE0E-M
Flitoninm 235 1 33E-06 1.6TE-N5 1.60E-04 A, R0
Plutoniwm 39 6. L5E-1M JOBE-03 2.05E-0Z TIBED2 |
Muteminm 240 1.43E-D5 TIZEDS 685 E-04 1. T1E-03
Flutcnium 241 1 48E-{-4 TIRE- T.IRE-03 1.77E-02
Amereiom 241 2 A2EA7 1.21E-{%a L.1&E-05 2.0 E-0S
Aamgriciom 24 2m 4 43E-12 LI2E-11 L1EE-1D A 32E-10
Atiericium 243 307612 _154E-11 147E-10 5.69E-10
Luminm 242 1.43E-09 TASE-(02 5, 86E-08 1.V2E-07
Curitin 244 3ADE-1Z 1.70E-11 1.63E-10 A0EE-10

Tolal (Curies) LEFE+QZ 830E+02 TATE+05 195E+ |
Thormal (W atls) a.8E-01 3 ADE+00 3.26E+0] & 1alE+HN

3. The number of shipments for RHF type spent nuclear fuel was estimated based on one
element per cask. The bounding cask can only accommodate one bounding spent nuclear
fuel element per cask.

4. The number of shipments for TRIGA spent nuclesr fuel was estimated based on 30 elements
‘The radionuclide invemorics per cask were based on 40 elements of bounding
TEIGA spent nuclear fuel element per cask.

per cask,
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Table B-8 provides a list of radionuclide inventories per transportation cask for selected fuel categorics,

Table B-8 Bounding Radionuclide Inventories per Transportation Cask for Selected

Fuel Categories (Curies)
e : & Z Fuel Ca W

_ sotope BR-2 il NRU
Tralaun E6.4 13.1 948
Eryplon 85 2,470 354 20
Krontinm B9 AQ B0 2,750 D020 ]
Strontium 90 20,500 3140 23200
RUATSTETRH 200, 50 3.160 23,206}
Y itringm 41 AL 4.580 20,2060
firconiom 95 107, (KK 6,500 | 33 E0)
HMigbiam 95 220,000 12,800 T340 ]
Batheniuen 103 B, H44 1,440
| By 1030 .50 44 1,440
Euthenium 104 21,510 2,540 15400
REhodanm 10am 21,500 2,540 18,400
Tin 123 427 39.1 240
Antimony 135 /a0 119 W1z
Tellurium 125m Nz 1587 prdl
| Telluriwmn 127m 827 558 442
Telturizm 139m 158 23.1 2340
Cezinm 134 L6400 L, 160 35400
Cesium 137 20600 3,190 53 0K
Cerium 141 5.740 B 1000 5,650
Cerium 144 312 ANHD S 254000 ]
Frasecdyminm [+ 312000 23,300 254, 00K
Promethium 147 48500 T 29800
Preanethium 148m T4 46,8 1.4
Europivm 54 a3 418 1,330
Furopiwn 155 14 454 216 245
Liranium 334 P ] Qup0E74 DA0151 000157
Uraniurm I35 (L0 38 DT ] 00704 (.00 0
Liranium 23§ 0L (L00020A LRERATR] 0L00HI267
Flutonium 23§ 4.2 10.3 304 gy}
Flulonium 239 184 (L3RG 0551 0312
Flutonivm 240 1.20 0.421 £ 104 0.242
Flutoniem 241 pi 1.7 213 0%
Americium 241 0396 0EET 407 0134
| Americium 242m 0.0k 105 (0. 55 OL.00%00 000000
Americium 243 0033 0EETS (LM 000351
Curiuzip 242 1.75 0127 525 L.03
Curiuzn 244 1.33 0,009 36 (LT3 0.270
Tatal (Curies) 1.260,00H0 i, KD 1110, 0KH] 533,000
Thernsal {Waits) 3.290 2,150 416 3600
| Mumber of casks by Jasnuary W6 473 {1 162 116
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B.1.7  Amount of Foreign Research Reactor Spent Nuclear Fuel In Implementation Alternative 2a
of Management Alternative 1

Under this implementation alternative (see Section 2.2.2.2), DOE would adopt an aliernative policy
duration of 5 years (1995-20000. The amount of spent nuclear fuel expected under this alternative is
approximately 18,800 elements, containing approximately 13 MTHM, and having a volume of &7 m°
{3,300 ft?’]. Tables B-% and B-10 provide an estimate of the total amount of spent nuclear fuel that would
be available (ie., currently stored or 1o be generated) in cach country by January 2001 (Matos, 1994), |
These tables also provide the estimated number of shipments expected from each country. The breakdown
of the number of shipments in terms of the four bounding fuel categories (as defined in Section B.1.4) are:
377 of BR-Z, 56 of RHF, 1534 TRIGA, and 91 of NRU type fuel shipments.

B8  Distribution of Foreign Research Reactor Spent Nuclear Fuel by Fuel Type and Geography *

This section summarizes the estimaled amount of foreign research reactor spent nuclear fuel, in terms of
fuzl type and gmgmphy,"' that could be received under different implementation alternatives of
Management Alternative 1 to the proposed action, The estimated amount of spent nuclear fuel for the two
palicy durations (... a 10-year and a S-year spent nuclear fuel peneration period) are provided in Tables
B-1 and B-9, for aluminum-based fucls, and in Tables B-2 and B-10 for TRIGA fuels. These tables
provide & breakdown of the estimated amount of spent nuclear fuel to be accepted from each country.
Tiahle B-11 summarizes the same information given in the above tables by fuel type and geography. The
information provided o this 1able iz the bazis for the caleulstions of transportation (ground and marine)
impacts under the basic implementation of Management Alternative 1, the proposed action 1o manage
Foreign rescarch reactor spent nuclear fuel in the United States.

DOE is also considering a Management Allernative 3, which is a hybrid of Munagement Alternatives
Dand 2. Under this Management Alternative as described in Section 2.4, some of the forcign research
reactor spent nuclear fuels would be reprocessed overseas, and the remaining spent nuclear fuels would be
brought back to be managed in the United States. Overseas reprocessing is considered only for countrizs
that currently have the technology and capability to store research reactor fission product high- or
mntermediate-level wastes. The countries that can accept research reactor fission product wastes, based on
tie hstonical evidence, arer  Belgium, France, Germany, Ialy, Spain, Switzerland, and the United
Ringdom.  Under s Management Alternative, DOE would encourage the reprocessing of
aluminum-based spent nuclear Muels from the research reactors in the above countries at western European
reprocessing facilities (ie., at Dounreay Scodland, andfor other locations) and that the recovered <~ U be

lended down and wsed as LEU fuel. Reprocessing spent nuclear fuels from the above countrics overseas
would reduce the amount of foreign research reactor spent nuclear fuels that would be managed in the
United States. Table B-12 provides a distribution of the remaining foreign research reactor spent nuclear
luels by fucl type and geography that would be brought to the United States under this Hybrid Alternative.
As mdicated in this table, the reduction only affects spent nuclear fuels entering through the East Coast of
the United States (compare Tables B-11 and B-12). It is important (0 note that the existing overseas
reprocessing Facilities have not separatcd 5511 from TRIGA fuels. This does not mean that these facilities
will not be able 10 process TRIGA fuels in the near future, At least one facility has stated that it has a
specialty plant that can reprocess small quantities of TRIGA spent nuclear fuels (UKAEA, 1994}, If this

¢ Ueapraphy refers fa thal amourt af spent rucleer fuel that is expected to arrive at an East Coant or o Wes! Coast Poraf
ety to the United Sieres. Spent muclear fuel shipmerts from foreign research reactors locted in Eurape, Africa, Middle
Earet, ondd Fastern pert of Ceringl ard Santh Americe are desipmated ar Feer f.'m_-:r,-;.hr}-_.m;m_:_ All plhars am cifrl'_?flcife.'ufl.'s
West Coest réipmenrs,
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Table B-9 Estimated Number of Aluminum-RBased Spent Nuclear Fuel Elements of
LU.5.-Origin Generated by Foreign Research Reactor Operators hy January 2001

......

| Esimated Number of Spent . e - fed Number of
Courniey | Nuclear Fuel Elenents | Initial Mass of Uraninm, km)® | Shismemss
ﬂen[‘ina" ) 283 71
Australia 795 247
| Auslria 130 147
Belgum 1,3 569
| [Brasit* 155 9
Canada 2,243 3,058
Chile® 58 12
Colombia® 16 2
Denmark 485 372
| |France 1432 2110
Cermany 1111 271
Greece” 193 73 &
Indomesia’ 138 164 4
Iran’* g 6 1
Ieracl 153 34 5
Baly 150 43 5
[Jamsics® it 1 !
Japan 2401 39 Kl
Borea (South)* 4% 187 4
Mefherlands L.141 073 3R
Pakiszan® %2 16 3
Peru® 28 309 1
Fhilippines’ A0 24 P
Portugal® T 5l 3
South Africa S0 10 p
[ Sgain © (from Scotland) 40 16 1
Sweden f64 Q15 il
Switrertand 159 128 5
Taiwan 1x7 ] 4
Thailand® Ed| 5 1
Turkey® 50 51 2
United Kingdom 12 4 1
| Uruguay® 19 15 L
| | ¥enezuela® 120 82 4
E Total 14,122 11,985 524

* Countries other than high-ircome econcmies (World Rank, J994). These are considered 10 be

Udevedoping  coumies,
P to derive aranium mass in pounds, multiply the amount by 2.7

¢ an spens aeclear fuel elements of Spain's JEN-T reacior core are stored in Dokenreay, Scotland

capability 15 acquired, then the amount of spent nuclear fuel o be managed in the United States would be
lorwer than that indicated in Table B-12 by 834 TRIGA spent nuclear fuel elements containing 157 kg of
LEL hewvy metal resulting in 28 less shipments to the eastern coast of the United States by January 2005.
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Table B-10 Estimated Number of TRIGA Reactor Spent Nuclear Fuel Elements of
UL.5.-Origin Generated by Foreign Rr:s:mrch Reactor {Jperamrs by January 2001

-HC'-'\- {.-c-:" % : Estimaled ?'Irlﬂ'I':I-IE'BT'IILF i
: Cmﬁmmﬁﬁ- . ferss 1 o} Shinnreniz &

Auslria it 102 14 E|
Bangladesh® B 100 49 - 3
Bzl 75 14 P |
Finfand 171 33 1
Crermany ) 338 64 11
| Iedonesia" B 33 44 L 7
[ialy 343 64 11
Japan 321 N 41l L 11 L
Karea (Sguthy* 1 320 __61 11
Malaysia® - R 44 3
Mexicn” ) 175 ek I [
Philippines 120 74 | 4
Romania * 1481 159 48 N
Slovenia’ 113 Al 10
“Taiwan 1354 20 4
Thailard” _ 134 _ 35 4
Turkey® _ag 13 2
United Kingdoim g4 ) E]
Lairg” 132 25 ) 4

Tatal 4,716 479 154

* Countries sther than high-income ecancmies {World Bank, I These are idensified a5 “developing”
COUREFeS,

Yt derive uranium mass in ponds, mewltply the aaneini By 2.2,

If addidonal countries were 10 be able 1o sceept research reactor fission product waste, additional spent
nuclear fuels could be reprocessed overseas. This would reduce the amount of spent nuclear fuel o be
managed in United States even further.

B.2 Transportation Casks

Spent nuclear fuel elements are transported in stainless steel packages called transportation casks, or just
cazks.

.21 Transportation Cask Regulations

This section discusses the international and domestic regulations on transporiation cask design,
performance, cartification, use, and transport.

2101 International Repolations

To ensure public safety worldwide, the international community has adopted regulations for the ransport
of radicactive materials. The international authority for these regulations is the International Atomic
Encrgy Agency. The emphasis of the International Atomic Energy Agency regulations for radioactive
materials wanspost is package integrity. As promulgated in International Atomic Energy Agency Safety
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Table B-11 Summary of the Distribution of Foreign Research Reactor Spent

Nuclear Fuel by Fuel Type and Geography
. = _._::” T 2 ) o January 2006 ::_;____a;i;;.;_-: =
o No. of ici | HEU | LEU | No.of | No.of | Inivial |HEU| LED
S Elenments | 5 Ky U ) Wpt! | Biements iShipments| Kg Il [ Rp 1 gl
All Counfries: - 3
I L. Aluminom-Based 14,122 524 11.9B8| 3993) 7895 17,803 G5 | 18, 184] £ 531] 13,650
| Ezst® 10,295 41% G4 13,154 544 | 15909
Wt 1717 105 | 2063 4617 131 4,263
_ LTRIGA 4716 154 AN 8w 4,940 1632 1,033) 83| 9350
East 3,088 101 495 3,245 17 518
- ) West 628 53 431 1,645 55 505 L
Developing Counsrigs: i .
P 1 Aluminum-Based 1485 52 911] 155|756 LGRG| 5 1195 157] 1,038
| East 1,084 3% 480 1,152 40 5451
West 4 L4 43 340 19 i34 )
2. TRIGA 3218 105 642| 77| 565 3,350 1% 674  ®1) 593
_ East 2,045 67 302 2,134 T0 319
West 1173 38 ) 1,225 34 i35 |

* Eant refers to the eattern United States Farts of entry, Speat ruclear el shipments from foreign research
reactars located in Europe, Africa, Middie Eas, and eastern port of Cearral and Seuth America are
designeled ax East Coast shipmients. Al others are designated as Wesr Coasr shipments,

Table B-12 Distribution of Foreign Research Reactor Spent Nuelear Fuel by Fuel
I'ype and Geography for the Hybrid Alternative

priziary 2001  January 2006
Na. af LED | No.of | Noof ilnwali HEU | LEU
Elemeniy | Egll | Flemenic’ aerin Ko ; Ky b7
All Countries: 3 i |
L Alominum-Based |  9.83%) 328 | B650) 2256) &391)  12210] 406 [12912] 27263) 10,646
East® 6,112 223 | 5687 7 543 275 | 5,645
Wear" 3927 103 2963 4.617 131 4,263
2 THIGA 4.716 154 G0 70 901 4,940 162 | 1,033 83| 950
East 3,058 101 499 3,245 107 318
Wit 1,628 53 481 1,695 35 508
Developing Coumrries: o .=
L. Aluminum-Based 1,488 52 a11 135 T56 L6846 S0 | 1,195 157 1.038
East 1,084 kY4 480 1,152 40 361
Weat 404 14 41 534 1 i34 o
LTRIGA 308 105 442 7 5465 3,359 10 674 2l 593
East 2,05 BT L s 2,134 70 319
Wesl 1,173 3 340 1,X25 £ 135

Bt Hefers fo the easiem United Srares ports of eniry. Spews neclear fuel shipreerss from foreipn research
reretors located in Europe, Africs, Midile Eas, and eastern part of Certral and South Amerios sre
derigrated ar Epst Const shipments. Al siherr are deslpnaied a5 Weat Coast shipmends,
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Series G, radicactive materials must be tranzported in specially dezigned transportation casks that minimize
the potential consequences of transportation accidents.  Transportation cask designs must demonstrate
their capability 10 ensure containment and to provide shielding by testing or analysis to the extent required
by these repulations. Under International Atomic Energy Agency regulations, spent nuclear fuel
transportation cask integrity must be demonstrated by successful performance during a sequence of tesis
that simulate accident conditions. These tests include being dropped onto an unyielding surface, dropped
anto a steel post, subjected 0 extremely high temperatures of 300°C (1475°F) for 30 minwces, and
submersed in water. Cask designs that meet these performance criteria are issued a “Certificate of
Compliance™ by @ delegated national authority, referred to as the “Competent Authority.” The Competent
Authority is respensible for certifying casks that are designed or used within its * national boundary,” The
Competent Authority for the United States is the Depanment of Transponation.

To be vsed outside the country of origin, transportation casks must have a Certificate of Cmﬁ]-u::c;nt
Authority from the country of intanded wse.  As the Competent Authority, the Department of
Transportation is responsible for granting a Certificate of Competent Authority o foreign-designed
transportation casks infended for use in the United States.

B.2.1.2  Domestic Regulations

Repulations for the transport of radioactive materials in the United States are issued by the Depariment of
Transportation, and are codified in Title 49 of the Code of Federal Regulations Parts 171-178 (49 CFR
£171-178). These regulations reference accepted standard:s promulgated by organizations such as the
International Atomic Energy Agency, the International Civil Aviation Organization, the International Adr
Transport Agency, the Infernational Maritime Organization, and the ULS. Nuclear Regulatory Commission
{NRC). Federal standards are updated periodically to reflect new information and to remain current with
internatonal standards, 1o minimize delays in international traffic, and aveid duplication of effort.

The regulation awthority for radioactive materials transport is jointly shared by the Department of
Transportation and NRC,  As outlined in a 1979 Memorandom of Understanding with NRC, the
Department of Transportation specifically regulates the carrders of spent nuclear fuel and the conditions of
transport, such as routing, handling and storage, and vehicle and driver requirements. The Department of
Transportation alzo regulates the labeling, clazsification, and marking of all spent nuclear fuel packages.
NRC regulates the packaging and transport of spent nuclear fuel for its licensees, which include
commercial shippers of spent nuclear fuel. In addition, NRC sets the standards for packages conlaining
fiszile matecials and spent ouclear fuel. A detailed discussion of Federal design and performance
regulations for transportation cask begins with Section B.2.1.3.

DOE policy requires compliance with applicable Federal regulations regarding domestic shipments of
spent muclear fuel,  Accordingly, DOE has adopted the requirements of 10 CFR §71, “Packaging of
Fadivactive MMaterial for Transponn and Transpodation of Radicactive Material Under Cerlain
Condidonz,” and 49 CFR §171-17%, "Hazardous Material Eegulations.”  Foreign rescarch reactor spent
nuclear fucl shipments are subject to regulations sct by the Department of Transportation and NRC,

B.2.1.5 Cask Design Regulations

Spent nuclear fuel i ransported in robust “Type B™ ransportation casks that are certified for ransponting
radinactive materials. These transportation casks are subject to sringent design, fabrication and operating
requirements imposed by the Competent Awthority for the country of origin, Casks designed and certified
for spent nuclear fuel transportation within the United States must meet the applicable requirements af
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NRC for design, fabrication, operation, and maintenance 25 contained in 10 CFR §71. These regulations
generally conform 1o Infernational Atomic Energy Agency regulations that are presemed in the
International Atomic Energy Agency Safety Series 6 manual.

Cask design and fabrication can only be done by approved vendors with established quality assurance
programs (10 CFR §71101). Cask and component suppliers of vendors are required to obtain and
maintain documents that prove the materials, processes, tests, instrumentlion, measurements. final
dimensions, and cask operating characteristics meet the design basis cstablished in the Safery Anulysiz
Report for Packaging for the cask, and that the cask will function as designed,

Fegardless of where a transportation cask is designed, fabricated, or certificd for use. it mist meet certgin
minimum performance requirements (10 CFR §71.71-71.77). The primary function of a spent nuclear fuel
transportation cask is 10 provide containment, criticality control, and shielding, Regulations require tha
casks must be operated, inspected, and maintained to high standards, ensuri ng their ability to contain their
contents in the event of a transportation accident (10 CFR §TLET). ‘There are no documented cases of 3
release of radioactive materials from spent nuclear fuel shipments even though thousands of shipmens
tive been made by road, rail, and water transport modes,  Further, 2 number of ohsalere Casks have hbeen
tested under severs accident conditions 1o demonstrate their adherence o design criteria without failuge.
Such tests have demonstrated that transportation casks are not only fabricated to a very high factor of
safety: they are even sturdier than required,

Transportaticn casks are built out of heavy, durable structural materials, such as stainless steel. These
materials must ensure cask performance under a wide range of temperatures (10 CFR §71.43). Inaddition
1o the structural materials, shielding is provided to limit radiation levels at the surface and at prescribed
distances from the surface of ranspontation casks (10 CFR §71.47). Shiclding typically consists of dense
material such as lead or depleted urznium,  In some cases, additional materials are added 1o provide
neufron shielding such as water-filled outer jackets, or highly hydrogencus materials such as polyethvlene.
The cask cavity is configured to hold various contents including spent nuclear fuel assemblics. The
assemblies are supported by internal structures or baskets that provide shock and vibration resistance,
establish minimum spacing and criticality control through the use of nuclear poison materials such as
borgn-impregnated metals, and heat transfer to maintain the temperature of the contents within the limits
specilfied in the Safety Analysis Report for Packaging.

Finally, to limit impact forces and minimize damage to the structural components of a cask in the event of
a transportation accident, impact-absorbing structures may be attached 1o the exterior of the cask. These
are usually composed of balsa wood, foam, or aluminum heneycomb that is designed to readily deform
upon impact t absork impact energy,  All of these components are designed to work together in arder to
satisly the regulatory requirements for a cask o operate under normal conditions of transportation and
maintain its integrity in an accident.

Lresign Certification

For cetification, transportation cask must be shown by analysis andfor test to withstand a series of
hiypothetical accident conditions,  These conditions have been internationally accepted as simulating
tamage o transportation casks that could occur in most reasonably foresecable accidents, The impact.
fire, and water-immersion tests are considered in sequence 1 determine theic comulatve ¢ffocts on one
package. These accident conditions are described in Figure B-7. The NRC recently issued revised
regulations, 10 CFR Part 71, governing the transportation of radioactive materials. These regulations
become cffective on April 1, 1996 (NRC, 1995). The revised regulations conform with those of the
International Atomic Energy Agency and current legislative requirements.  The revised regulations
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Standards for Spent Fuel Casks

For cerfification by the NRC, a cask must
be shown by test or analysis to withstand
a series of occident conditions. Thase

conditions have been infermalionally

accepted as simulating darmage to spent
fuel casks that could ocour in most severe
credible accidents. The impact, fire, and
water-immersion tests are considered in
sequence to determine their cumulative

effects on one package. A separafe cosk

is subjectad to a deep waler-immearsion

fest, The delails of the tests are as [ollows:

Impact

Froe Drop (a) = The cask drops 30 feel onto o
flaf, horzontal, unvielding surface 5o that it
sirives at its weakest point,

Puncture (b) — The cosk drops AQ Inches onfo a
drinch-diameter steel bar of l2ast 8 inches long:
the bar sfrikes the cask at its most vulnerable

g0t
Fire (c)

After the impact tests, the coskis fofaly
engulfed in a 14757F fhermmol envircnmeni for
S0 rinutes,

Water Immersion (d)

The cask s completely submenged under at
leraist 3 feat of weater for B hours, A sepanale
ook is completely immersed under 50 feat of
wiaater for B haours.

Figure B-7 Standards for Transportation Casks (NRC, 1987)
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affecting “Type B” casks require that a spent nuclear fuel transporation cask with actvity greater than
107 curies be designed and constructed so that its undamaged containment svatem would withstand zn
extemnal waler pressure of 280 psi, or immersion in 200 m (656 ft) of water, for a pericd of not less than
one hour without collapse, buckling, or allowing water to leak into the cask. Except for the addition of the
| deep wiler immersion test, the regulations applicable to the transportation of foreign research reactor spent

nuclear fuel are unchanged.

Under the Federal certification program, a “Type B” packaging design must be supported by a Safery
Analysis Report for Packaging, which demonstrates that the design meets Federal packaging standards.,
The Safety Analysis Report for Packaging must include a description of the proposed packaging in
sufficient detail to identify the packaging accurately and provide the basis for evitluating its design. The
Safety Analysis Report for Packaging must provide the evaluation of the structural design, matenals
properties, containment boundary, shiclding capabilities, and criticality control, and present the -:upm;uingi
procedures, acceptance testing, and maintenance program.  Upon completion of a satisfactory review of
the Safety Analysis Report for Packaging by NRC to verify compliance to the regulations, a Certificate of
Compliance 15 issued,

B.L14  Transportation Regulations

To assure that the transportation cask is properly prepared for transpomation, trained technicians perform
numerous inspections and tests (10 CFR §71.87), These tests are dezigned o ensure that the cask
components are properly assembled and meet leak-tightness, thermal, radiation, and contamination limits.
The tests and inspections are clearly identified in the Safety Analysis Report for Packaging and/or the
Certificate of Comphance for each cask. Casks can only be operated by registered wsers who conduct
operations in accordance with documented and approved quality assurance programs meeting the
requirements of the regulatory authorities.  Records must be maintained that document proper cask
operations in accordance with the quality requirements of 10 CFR §71.91, Eeparts of defects or aceidental
mishandling must be submitted o NRC,

H2.1.4.1 Communicatinons

Proper comumunication assists in assuring safe preparation and handling of transportation casks.
Communication is provided by labels, markings, placarding, and shipping papers or other documents.
Labels (49 CFR §172.403) applied 1o the cask document the contents and the amount of radiation
emanating from the cask exterior (transport index). The transport index lists the jonizing radiation level
(in mrervhr) at a distance of 1 m (3.3 ft) from the cask surface.

In addition to the label requirements, markings (49 CFR Subpart D and $173.471) should be placed on the
exterior of the cask to show the proper shipping name and the consignor and consignee in case the cask is
separated from its original shipping documents (40 CFR §172.203), Transportation casks are required 1o
be permanently marked with the designation “Type B,” the owner's (or fabricator's) name and address,
the Certificate of Compliance number, and the gross weight (10 CFR §71.83),

Placards (49 CFR §172.500) are applied to the transport vehicle or freight container holding the
transportation cask. The placards indicate the radicactive nature of the contents. In the United States,
spent nuclear fuel is a Highway Route Controlled Quantity which must be placarded according to 49 CFR
172307, Placards provide the first responders to a waffic or transportation accident with initial
information about the neture of the contents.
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Shipping papers should have entries identifying the following: the name of the shipper, emergency
response telephone number, description of spem muclear fuel, and the shipper's certificate as described in
49 CFR $172 Subpart C.

In addition, drivers of mator vehicles transporting spent nuclear fuel must have raining in accordance with
the requircments of 49 CFR §172.700, The training requirements include:  familiarization with the
regulations, emergency response information, and the spent nuclear fuel communication programs
required by the Occupational Safety and Health Administration. Drivers are also reguired to have training
on the procedures necessary for safe operation of the vehicle used to ranspon the spent nuclear fuel.

B.I14.2 Marine Transport

Relevant regulations applying to transport of spent nuclear fuel by vessel are found in 10 CFR §71 and 72.°
and 49 CFR. §176. The U.S. Coast Guard, part of the Depanment of Transportation, inspects vessels for
compliance with applicable regulations and requires 24-hour prenotification (33 CFR §160.207, 211, and
213).

49 CFR $171.12 (d) states that: “Radiosctive materials being imported into or exported from the Undted
States, or passing through the United States in the course of being shipped betwesn places outside the
United States, may be offered and accepted for shipment in accordance with International Atomic Encrgy
Agency Regulations for the Safe Transport of Radioactive Materials, Saferv Series No, 6, 1985 Edition.”
Compliance with certain specified conditions of this section is required. For example, highway route
contrdlled quantities of radioactive material must be shipped in accordance with appropriate priwvisions of
the hazardous materials regulations and a Cenificate of Competent Authority must be obtained, with any
necessary revalidations. A Centificate of Competent Authority fulfills the International Atomic Energy
Agency requirement for multilateral approval for a shipment of “Type B” packages in international
COMTLITe TG,

49 CPFR §176.5 details the application of the regulations to vessels: *_this subchapter apolies 10 each
demestic of foreign vessel when in the navigable waters of the UL.S., regardless of its character, tonmnage,
siee, of service, amd whether self-propelled or not, whether amiving or departing, underway, moored,
anchored, aground, or while in drydock,”

49 CFR §176.15 provides for enforcement of 49 CFR Subchapter C; “(a) An enforcement officer of the
L5, Cosst Guard may at any time and at any place, within the jurisdiction of the U.S., board amy voage]
for the purpose of enforcement of this subchapter and inspect any shipment of hazardous materizls as
defined in this subchapter.” Provision is also made in this section to detain a vessel which is in violation
of the hazardous materials regulations,

The U135, Ceast Guard may accepl a certificate of loading issued by the National Cargo Burean, Inc., as
evidence that the cargo is stowed in conformity with law and regulatory requirements.  The National
Cargo Bureau, Inc., is a nonprofit organization directed by Government and industry representatives
(4% CFR §176.18). 49 CFR §176.18 authorizes inspectors of the National Careo Buresn, Inc., to assist the
Cowst Guard in administering the harardous materials regulations, Their functions are as follows:

1) Inspection of vessels for suitability for loading hazardous materials;
{2) Examination of stowage of harardous materials;

(3 Making recommendations for stowage requirements of hazardous materials cargo: and,
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(4) Issuance of certificates of loading setting forth that the stowage of hazardous materials is in
accordance with the requirements of 46 U.S.C. 170 and its subchapter.”

Dietailed requirements for radivactive materials are located in 49 CFR §176 Subpart M of the Hazardous
Materials Regulations, General radioactive material stowage requirements state that “(b) A package of
radicactive materials which in still air has a surface temperature more than 5°C (9°F) gbove the ambicnt
wir may not be overstowed with any other cargo. 1f the package is stowed under the deck, the hold or
compartment in which it is stowed must be ventilated,” (49 CFR § 176.7000.

Except for exclusive-use shipments, requirements relating to transport indexes state that:

"o .. the number of freight containers with packapes of radicactive materials contained therein
must be limited 50 that the total sum of the transport indexes in the containers in any hold or de-
fined deck area does ot exceed 200, and:

(1) The sum of transport indexes for any individual freight container, or group of freight
cantainers, does not excesd 30; and,

{2} Ezch freight container or group of freight containers is (are) handled and stowed in such a
manner that groups are separated from each other by a distance of at least six m (20 f1),”
[4% CFR § 176.7040c)).

section 176.76(a) includes provision for freight containers with hazardous materials o be carried amibxrard
a vessel inaccordance with the following:

" (1) The material must be in proper condition for transportation according 1o the requirements of
thiz subchapter;

() All packages in the transpont vehicle or container must be secured 1o prevent movement in
any direction, However, vertical restraint is not reguired if the shape of the packages and the
stutfing pattern precludes shifting of the load;

{3} Bulkheads made of dunnage which extend o the level of the cargo must be provided unless
the: packages are stowed Mush with the sides or ends;

(4) Dunnage must be secured to the floor when the cargo consists of dense materials or heavy
packages.”

Each freight container must be placarded as required by 49 CFR §172 Subpart F of the Harardous
Materials Regulations [176.76(0)].

Section 176,80 requires that radicactive materials be segregated from other hazardouws materials so that
they do not interact dangerously in an accident, or alternatively, requires that the radicactive material be in
separate holds when stored under deck. In 4% CFR §176.83(b), a table is provided (Table 1T) that specifies
the minimum separation distances for different classes of hazardous matedals onboard 3 vessel. A
minimum horizontal separation distance of 3 m (10 ft) projectad vertically from the reference package is
required. For specified hazardous materials, the “separate from” requirement means that the materials
must be placed in separate holds when stowed under deck.
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B.2.1.4.3 Ground Transport

Overland shipments (by railear or by truck) are regulated by a variety of the Department of Transportation
and NRC regulations dealing with packaging, notification, escorts, and communications. In addition, there
are specific regulations for carriage by rail and carriage by truck.

When provisions are made to secure 4 package so thar its position within the transport vehicle remgins
fixed during transport, with no loading or unloading between the beginning and end of transport, a package
shipped overland in exclusive-use closed transport vehicles may not exceed the following radiation levels
as provided in 49 CFR §173.441(b):

» 1000 mrenvhr on the external package surlace;
» 20K} mremr at any point on the outer surface of the vehicle;

= 10 mrem/hr at any point 2 m from the verical planes projected from the outer edges of the
vihicle;

= 2 mremyhr in any normally occupied pogition in the vehicle, except that this provision does
not apply to private motor carriers when the personnel are operating under a radiation
protection program and wear radistion-cxposure monitering devices.

The shipper of record must comply with the requirements of 10 CFR §71.5 and §73.37. Section 71.5
provides that all overland shipments must be in compliance with the Department of Transportation and
MRC regulations; these regulations provide for secority of irradiated reactor fuel. General requirements
include:  providing notification to NRC in advance of each shipment, developing a shipping plan,
providing escort instructions, establishing a communications center to be staffed 24 hours a day, making
arrangements with local law enforcement agencies along the route for their response (if not using law
enforcement personnel as escort), ensuring that the escors are trained in accordance with Section 73,37
Appendix [, and ensuring that esconts make notification calls every 2 hours to the communications center.
Additionzl requirements include having two armed esconts within heavily populated arcas (when not in
heavily populated areas, only one escort is needed) and the capability of communicating with the
communications center and local law enforcement agencies through a radictelephone or other NRC
approved means of two-wiy voice communication.

The shipper of record, a8 required by 49 CFR §173.22, provides physical scourity measures for spent
nuclear fuel shipments cquivalent to those of NRC. The shipper, or the shipper's agent, provides
notification for unclassified spent fuel shipments to State officials.

B.2.1.4.3.1  Rail Transport

Rail transportation requirements for radicactive materdals are contained in 49 CFR §174. Briefly, for rail
shipments of spent nuclear fuel the following additional requirements apply:

+ railcars carrying radioactive materiale must be segregated from other cars within a train,
and canned be next to other placarded hazardous materials (49 CFR §174.85) or occupicd
engines or cabooses; and

« harardous materials shipments (including radioactive) must be expedited (49 CFR
174140

B33



AFFENDIXY B

In addition, Association of American Railroad Interchange rules require that spent nuclear fuel be shipped
only on railcars meeting certain construction and packaging retention requirements (AAR Rule 884 1d).
Rail routing has not been regulated by the Department of Transportation because the railroads are
privately-owned companics. However, rail routes used for spent nuclear fuel shipping must be approved
by NRC under a phvsical security plan (10 CFR §73.370.

B.21.4.32 Truck Transport

Truck ranspostation requirements for radioactive materials are contained within 49 CFR $177.800. In
addition 1o requirements for sccurement and segregation by total transport index (500, there are road
routing requirements as well.  For carriage by wuck, the carrier will use interstare highways or
State-dlesignated  preferred routes for movement of radicactive materials in conformity with the
Department of Transportation rulemaking, Docket HM-164.  These repulations, found in 49 CFR,
Subpart D, establish routing and driver training requirements for highway carriers of packages containing
" highway-route-controlled quantities™ of radicactive materials, Spent nuclear fuel shipments constitute
such quantities. The Depastment of Transportation also isswes road operating requirements for radioactive
materials shipments, including parking and operating rules. Primarily, these rules require trucks 1o stop
andd undergo visual inspection by the driver every 160 km (100 mi). Domestic road routing must also be
approved by NRC under a physical security plan.

Many State and local governments have established their own rules, specifying such things as
prenctification requirements, tme-of-day restrictions, rowles, and special equipment.  State and local
regulations that unnecessarily burden, delay, or ban shipments of radioactive materials will be preempted
under the Harardous Materials Transportation Act. The Department of Transportation miles make routing
designation by appropriale State agencies enforceable by the Federal Government according to a
ietermination by the Department of Transportation that such route designations are likely o result in
further reduction of radiological risk.

B.22  Potential Transportation Casks

This section provides & description of the wranspontation casks that could be used for marine and ground
transport of foreign research reactor spent nuclear fuel, The casks were identified from a review of the
" Birectory of National Competent Autharities’ Approval Certificates for Package Design, Special Form
Matenial, and Shipment of Radicactive Material, 1993 Edition,” and the RAMPAC (radioactive materizl
package) datahase for centified radioactive materials packaging (NRC, 1993), The review included only
those transportation casks with current “ Type B” designations for spent nuclear fuel.

BE.221 Marine Transport

Table B-13 identifies the potential transportation casks for marine transpont of foreign research reactor
spent nuclear fuel. Each of these casks has both a centification from the country of origin and a centificate
of competent authority from the Department of Transportation, which is designated as the Competent
Authority for the United States, Except for the Unifetch, each of the casks has been previously used or
accepled for use by DOE.
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Table B-13 Proposed Transportation Casks for Marine Transport

| Transportation Cask i a (A Forper Coutsiry of thripin
LHRL-120 USANZSIBUF | Yes Ansiraliz
GME-11 USANALRUNE Wies Cermany
TH-1 UEANZ1ABNFE Yes Giermany
[0 US AN ENBLE Yiee France
-7 (T UEANEMBILNE Yes Cermany
MAC-LWT UsAmZ5MNE Wiee Linited Stabes
[nifeich GEALGEME Mo Grear Britsin
Guoslar LIS AN00CS B N Yies Crarmany

Table B-14 summarizes the essential charactenistics of the marine transportation casks for foreign research
reactor spent nuclear fuel, such as physical dimensions, weight, type, and quantity of spent nuclear fuel
elaments each cask can a-:i_':;mnmﬂdatr.:, cooling time before shipment, maximum activity content in a cask,
and the maximum initial “ 17 content of esch element. A summary of important characteristics of these
casks is alzo provided after Table B-14.

Table B-14 Transportation Cask Design Characteristics for Marine Transport

e Number of Cooling Time Cask
ﬁﬁ?ﬁ o Elemenis per ﬂh}t}:’&ﬁ{u}m Dimensions
Shipping _Cask| Weight (MT)| gpfftements | Fuel Type Cask ok (kEY) {rmm
LHEL-120 114 150-170  [MTH tsholar 114 255TR0 H: 3,400
_________ ) [HIFAR) D 2500
GNS-11 134 173 Tubular MTE 21-28 18041 [H: 1,460
) 313 Eoxsd-iype MTR 33 180027 I 1,185
TH-1 18.4 HNA Boxed-type MTE 126 MNA H: 2910
) _ (- %50
L1k 159 Varied:  |Special Tubulas 1 aboutone 30/1,250  |[H: 2,240
150-8600  |Boxed-type MTER F6-0) D 1,580
TRIGA Spenl 4441 |
M uclear Fuel )
-7 55 ) Tubilar-Boxed G0-62 2501, TEOC2, D0 H: 3,155
(TH-Ti2) (243} Lype MTER 0 1,030
£.500  |Special 2 A1IVZ,000
MACLWT 232 17,573 Commercal FWE 1-FWE T30 - PWER H: 511
Commercial BWER 2-BWER T30 - BWE 1: 1,1m
Matral® | Metallic Rod 15 - Met Bods 365 - Met. Rads
i 154 Bored-type MTR 42 1085
Unifeich 169 405 Tubular 4 o454 H: 2100
170 Baxed-tvpe MTR 40 ) e I [ 1,500
G lar 10 320 Boxsd-type MTR 13 1208160 H: 1,460
D 1.1%0

*Natural = Maciman inisigl U2 is 0711 weiphl percens

MNA = Nal Availahis

PWR = Pressurized Water Reaciar
RWVR = ."u'.*?.:l'j.u_g Warer Reactar
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LHEL-T20

The LHRL-120 consists of a cylindrical cask sumrounded by an impact limiter supported on cradles
attached to a skid that is bolted to the base of a shipping container. The cask is a risht circulzr cylinder
with two concentric walls of steel for structural strength, with the annular area between the walls, The
inner shell forms the containment.

The cask is built of inner and outer shells welded to the bottom end closure plate and tap balt ring, and
secured by a bolted hd with a double o-ring seal. The annular space between the shells is filled with lead
and supplementary lead shiclding plates are provided on the bottom end closure plate and lid. The cask
has two external lifting trunnions and, except for the high strength steel bolts, lesd shielding, and synthetic
rubber o-ring, is constructed of stainless steel plugs.
i

The impact limiter consists of a steel shell filled with dznse polyurcthane foam arranged to provide ENErgy
absorption and thermal inswlation.

During transport, the cask body is completely enclosed by an impact limiter which provides both thermal
and impact protection. The impact limiter is constructed in two pieces which bolt together 2nd surround
the cask body. LHRL-120 is designed for passive cooling by means of cooling tubes that penetrate the
impract limiter, Tubes in the bottom half also transfer loads to the cradles. The cask and the impact limiter
are secured to the skid by two te-down straps and restraints. The skid is bolted to the base of an apen
conventional shipping container and is in turn enclosed by a steel weather cover fitting inside the end walls
af the contziner and bolted to the container base. The container has standard International Standards
Crganization lifting arrangements and is approved under the international convention for safe containers.

The length and dismeter of the cask with the impact limiter are 3.4 m (134 in) and 2.3 m {91 in),
respectively, The total mass of the cask with contents, impact limiter, skid and tie-downs is 21.36 merric
tons (47,080 1b) and the gross mass of the package including lift yoke, bolt tooling, wol box, weather
cover amdd shipping contaner 15 spproximately 24 metric tons (52,800 1b).

The cask was designed by Eggers, Ridelhalgh, and Partners of Columbus, Ohio for spent nuclear fuel from
the High Flux Australian Research Reactor (HIFAR).

FPorspitted Comfents:

Irradiated spent nuclear fuel elements with a minimum decay period of 7 YEArs

Maximum number of fuel elements per package 120°

Maximum fuel mass 554 kg (1,200 1b)
Maximum decay heat 200 Watts

Maximum mass of bath baskets (empty) E91 kg (1,965 Ib)
Maximum activity of package 80,000 Ci (3.0 % 1075 RBy)
Transport Index 0

¥ The macimum mumber slowed s 114

Twar identical baskets are authorized for the LHRL-120 cask ina 1 x 2 array, (e, in & stacked
configeration). The baskets are constructed exclusively of aluminum alloys 6061 and 6063, Each basket
contans 60 cells, each providing an 11-cm- (4.3-in-) diameter by 65-cm- (25.75-in-) high cylindrical
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cavity for each fuel assembly. Only 57 of the cells are loaded with fuel clements; the 3 center-most
positions are left unloaded. The nominal wall thickness of the cell 15 6.4 mm (0.25 in). Maximum mass of
both haskets ters (empty) is 891 kg (1,965 Ih).

GNS-11

The GNS-11 consists of & welded stainless steclflead construction which is tightly closed with a primary
lid. The cask body can be closed at the lid region with a protection plate. The spent nuclear fuel elements
fit into & fuel basker which is insened in the cask cavity. The cask is an upright circular cvlindar with two
concentric walls of steel for structural strength with the anmular area between the wallz filled with lead for
radiation shielding. The inner steel shell forms the containment,

The containment system is formed by the cask body, the primary lid including elastomer seal rings, pluas.s
and baltings. During transport, hood shaped impact limiters consisting of steel plates with a2 soft wood
filling are attached to the top and bottom of the cask. In the upper region, two trunnions are screwed 1o the
cask body for handling, The cask his the following external dimensions:

[ameter (without impact Limitecs) 1135 mm (46,7 in)
Migmeter (with impact limiters) 1,355 mm 334 in)
Height (cask body) 1,460 mm (57.5 in)
Height (with impact limiters) 1,730 moam (70 in)

The cask body is protected during transport by top and bottom impact limiters while the cask is secured
vertically on its low-boy transporter, The cask weighs about 13,6 metric tons (30,000 Ib). The cask can be
uscd to ship up to 28 wbolar-type MTE elements and up to 33 box-type MTR elements with initial 23y
cnrichment of up (0 93 percent. In addition, the cask can also be used to transport other types of irradiatad
hardware. This cask is shown in Figure B-8.

Since the temperature on the omside of the package may exceed 50°C (122°F) and the transport index can
be preater than 10, the package is 10 be transported a5 & full load or as a closed load. Therefore, a
maximum of two casks could be Axed in a shipping comtainer. The cask was designed and manufactured
by the Cerman company Gessellschaft fur Muklear-Behalte GmbH. There are currently two GNS-11
casks available for uze.

Permiittod Contents!

Throo differont fuel baskets are authorized for use with tuz cask. These accommodate various types and
amounts of fuel:

1. A maximum of 21 or 28 (depending on the type of fuel bazket uzed) irradiated tubular MTR
fuzl elements consisting of 3 w0 § concentrically arranged fuel tubes, with the following
further specifications per fuel element;

Maximum initial enrichment &) percent
Chemical form k LI-Al alloy
Maximum initial mass of 20U 173.4 g (6 0)
Maximum initial quantity of uranium 2708 (7.5 ox)
Maximum active length 01 cm (24 in)
Maximum diameter of outer ubse 10,2 cm {4 in)
Minimum cooling ime 180 days
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Thermaal poweer (average) maximum  Te Walls  (for 21 fuel
elements per cask)

Thermal power (avarage) magimum 57 Watts  (for 28 fuel
elements per cask)

Ml ami rnum activicy 40,5 kCi(1.5 PEBQ)

2, A maximum of 33 iradigted boxed-type MTR [uel elements, each containing a maximum of
23 aluminum-based fuel plates, with the following further specifications per fuel element:

Maximum initial enrichment U3 percent

Baxirmum imtial mass of 235[_] 268 p (D3 0z)

Mlaxirnmam initisl mass of uraniom 335 p (116 0%)

Active langth maximum 41 cm (24 in)
Cross-sectional arca approx. 81 x 76 mm (3.2 x 3.0 in)
Minimum cooling time 180 days

Thermal power (average) maximum 45,5 Watis

Maxirmum activity T kCi(1 PBq)

3) A maximum of 33 irradiated boxed-1ype MTR-fuel clements each containing a maxinum of
23 aluminum-based LEU fuel plates (comtaining dispersed UsSia or UsOg) with the
tollowing further specifications per fuel element:

Maximum imtal enrichment 20 percent

Maxinum initial mass of > U 323 5 (11.2 02)

Flaximum imtial mass of uranium 1,635 g (3.6 1hs)

Active length maximum 61 cim (24 in)
Cross-sectional area approx. 81 x 76 mm (3.2 x 3 in)
Minimum cooling tme 360 days

Thermal power (average) maximum 485 Watls

Activity maximum 27 kCi {1 PBq)

TN

The TN-1 is a cylindrical double-walled steel container with lead and plaster for shiclding. It is
constructsd of steel structural shells with the annulus between them filled with lead for gamma shielding
and plaster as a heat shield.  Additional heat insulation and impact resistance is provided by impact
limiters. The cask, with the impact limiters, weighs 18.37 metric tons (40,500 1b). The internal cavity can
accommixdate three baskets, onc on top of the other, each filled with up to 42 boxed-type MTR fucl
elements of initial U enrichment of up to 94 pereent,

The containment system is formed by the cask body, lid with its “elastomer™ seals and bolts, and three
sealing plates with “elastomer” seal rings in the cask body via the quick connections.

FPhvzsical dimenzions of TH-1 are as follows:

Width 230 mm {37.4 in) 1,284 mum (50.6 in)
Height 920 mm {36.2 in) 1,254 mm (49.4 in)
Length 2910 mm (1146 in) 2,075 mm (121 in)
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THN-1 is designed by the French company Cogema, 11 is shipped in the horizontal position with the top and
bottom impict limiters &ftached. The TN-1 cask is shown in Figure B-9,
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Figure B-9 TN-1 Shipping Cask
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The TU-04, also known as Pegase, congists of a body built of two stainless steel shells enclosing a lead
shield. The inner confinement shell and the lead shield form a solid unit constitating the body. The outer
shell is provided with & base plate filled with ashestos and is fitted with cooling fins. A layer of plaster is
placed between the bottom of the outer shell and the lead. The steel Lid is Glled with lead and plaster.
There are twa pipe systems connecling the inner tank to the outside,

The cask is a right circular cylinder with two concentric walls of steel for structural srength with the
annular ired between the walls filled with lead for radiation shielding. The inner steel shell forms the
containment.  The TU-04 inner cavity can accommodate a variety of baskets which may be used to
transport both MTR and TRIGA spent nuclear fuel. The cask weighs approximately 189 metric (ons
(41,670 Ib). It is ranspomed in the vertical position an the pallet, with top and bottom impact limiters e
protect it in the event of an accident.

There iz a main protective cover of stanless steel Olled with balsa wood of two difforent densities, There
are covers of mild steel protecting the pipe outlets which are filled with plaster. Like TN-1, this cask was
also designed by Cogema, The IU-04 cask is shown in Figure B-10.

The cask s awthorized 0 b wsed with various baskets designed for different tvpes of spent nuclear fuel
The follvwing summarizes a selected number of baskets designed for 1U-04 casks:

1. Baskel AA-26T - consists of cylindrical aluminum grid, 960 mm (37_8 in) high. containing
40} channels of square ¢ross section, 84 x 84 mm (3.3 x 2.3 in), and 4 channels of cross
secion, 72 x 72 mm (283 x 2.83 in). The grd is surrounded by an aluminum belt with
outside diameter of 795 mm (31.3 in). The aluminum contging two percent boron,  The
bottom cnd is covered by a 15-mm- (0.6-in-) thick aluminum plate weldad to the cylindrical
beelt, It contains drain orifices,

[Hameter 795 mm (313 in)
Total Height 1,030 mm (40,4 in)
Uszeful Height Go mm (378 in)
Approx. Weight 360 kg (793.7 1bs)

Atotal of 44 MTR boxed-type (72 x 72 mm cross section) fuel elements can be put in this
basket. The maximum allowed residual thermal power per clement is less than 30 Warts,

2. Basket TN-%0&3 - consists of a block of stainless steel containing five percent boron. The
basket 15 895 mm (35.2 in) long and has 36 lodgments of 81 x 87 mm (3.2 x 3.4 in) cross
section, bored to a diametar of S8 mm (3.9 in). The bottom is covered by a plate, 12 mm
{015 in) thick, fastened to the block by screws. The bottom plate contains drain orifices of
S0 mm (2 an) digmeter, The dimensions of the basket are as follows:

Base Height 90 moam (3.5 1n)

[izmeter TG mm (31,3 ind
Toral Height YT mm (357 in)
Useful Height 2395 mum (35.2 i)

Approx. Weight 1410 ke (3,108 lbs)
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Figure B-10 TU-04 Shipping Cask )
Acmaximum of 36 MTR twhular type fuel elements can be put in this basker. The maximum
residual thermal power of each spent nuclear fuel must be less than 132 Watts.

Basket TN-0083 can also be used for TRIGA spent nuclear fuel. The maximum —-U
content of each TRIGA spent nuclear fucl clement must be less than 40 g (1.4 oz).
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3. Basket AA4D - consists of 5 sectors of Copper-Cadmium alloy (at least 2 percent Cadminm
by weight) with 5 square channels of 84 x 84 mm (3.3 x 3.3 in) and 1 channel of 71.5 x
71.5 mm (2.8 x 2.8 in), and a central core in stainless steel with a system for fastening the

seclors.
Diameter 200 mm (315 in)
Total Height 1,030 mm {40.6 in)
Useful Height Y70 mm (38.2 in)
Approx. Weight 2,500 kg (5,511 Ibs)

Basket AA-4% accommodates 30 [uel elements of 93 percent endchment from BR-2 with &
maximum allowable residual power of 266 Walts per element. ;

4. Basket AA-50 - consists of 6 sectors of Copper-Cadmium alloy (at least 2 percent Cadmium
by weight) with & channels of rectangular cross section 56 x 77.5 mm (3.4 x 3.1 in), and 2
central core in stainless steel with a system for fastening the sectors,

Diarmeter 00 mm (31.5 in)
Total Height 1,030 mm (40.6 in)
Usaful Height G0 mm (38,2 in)
Approx, Weight 1,996 ke (4,400 Ihs)

Basket AA-SD accommodstes 36 boxed-type MTR fuel clements of up 93 percent
enrichment. Maximum allowable residual power per each element is 200 Watts.

3. Basket AA-11T - is fabricated in Z2-CN-18-10 stainless steel with a base plate 10 mm
(U4 in) thick drilled with water drain holes in the center, 4 vertical posts 10 mm (0.4 in)
thick halted to the base plate and connected together by 3 circular spacers. Basket AA-117
accommodates 1 fucl clement of 93.5 percent corichment from RHF with 3 maximum
allowable residual thermal power of less than 3,000 Watts,

iameter 797 mm (31.4 in)
Tomal Height 1,030 mm (40.6 in)
Useful Height 420 mm ({16.5 in)
Approx. Weight 165 ke (364 1hs)

TN-7 {TN-7/2)

The TN-7 consists of a cylindrical stainless steel exterior container with comresponding stainless steel lid
with an integrated legd shielding; four trunnions; one bottom shock absorber; and 2 stainless steel,
cancentric cylindrical interior container, which together with its lead constitutes the “tight enclosure.”
Between the interior and the exterior container there iz a lead shiclding, 185 mm (7.3 in) thick at the sides,
and 170 mm (6.7 in) thick at the lid. This shielding is surrounded by a humid cement thermal insulation.
Within the interior container, up to four racks can be stacked upon ezch other for the admissible contents
mentioned above,

The cask is a right circular cylinder with two concentric walls of steel for structural strength. The annular

ared between the steel walls is filled with lead for radiation shielding. The inner steel shell forms the
Containment,
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The cask weighs about 255 metric tons (56,220 ). The TN-7 was originally designed for the
transportation of short light water reactor spent nuclear fuel but has the capability to accommodate the
Righly-enriched MTR spent nuclear fuel. In this capacity, the 4 baskets that fit in the inner cavity can
accommadate up to 15 tbular or 16 box-type MTR fuel elements each.

The cask is transported in the horizontal positon with top and battom impact limiters providing protection
in the event of an accident,

The TN-T/2 is very similar in design and dimension to the TN-T. The TN-7/2 is used o transpart the same
types amd guantities of spent nuclear fuel as the TN-7. In addition, it can be used to transpont up o
&4 box-type MTR spent nuclear fuel elements or 2 BHE special spent nuclear fuel elements. The TN-7/2
15 transparted the same way as the TN-7. There is one TN-7 cask availsble for use at the present time.,
This cask has been designed by the German company Transnuklear GmbH.

Fermitred contents;

17 Up to four insert racks, containing per rack-

- maximum 15 iradiated whular-type MTR fuel elements, each containing a
maximum of 250 g (8.7 0z) of wranium enriched between 80 and 93 percent with
a maximum of 200 g (6.9 oz) of “U in the form of a U-Al alloy, with a
minimum cooling time of 250 days and a maximum activity of 40 kCi (148 PBy),
(hig

= maximum 16 irradiated Boxed-type MTR fuel elements, each containing a
maamum of 363 g (12.6 0z) of uranium_cnriched between 80 and 03 percent,
with 2 maximum of 200 g (10.1 0z) of *U in the form of & U-Al alloy, with a
minimum coaling time of 1,780 days and a maximum activity of 20 kCi (740
TEq).

The recks can be combined within a cask, provided that the maximum thermal powers do not excead
125 Watts per fuel element; 1,125 kW per rack: and 4.5 kW per cask.

7

2y Up to two irradiated RHF type fucls, or a fucl containing a maximum number of 280 fuel
plates each, with an active fuel length of about 900 min {(35.4 in), containing originally a
maeimum of 9.32 kg (20.6 Ibs) of uranium enriched 10 93 percent of U with 3 maximam
of 8.67 kg (19.1 1bs) of “'U in the form of a U-Al alloy per element,

Maximum activity per fuel element 1,00 kCi (37 PBg)
Thermal output per fuel element maximum 2,25 kW
Coaling time 310 days

IN-Tis authorized as Fissile Class 1T with 2 minimum Transpont Index of 8.3 per package,
NAC-LWT

NAC-LWT is a steel encased lead shiclded transportation cask. The cask body consists of a 19-mm-
(0.75-in-) thick stainless steel inner shell, 2 146-mm- (5.75-in-) thick lead gamma shicld, a 20-mum-
(1.2-in-} thick stainless stecl owter shell, and a neutron shield tank. The inner and outer shells are welded
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tora 100 .6-mm- (4-in-) thick stainless steel botom and forging. The cask bottom consists of a 76.2-mm-
(3-1m-) thick, 32.7-cme- {20.73-in-} diameter lead disk enclozed by a 83 9-mm- {3.5-in-} thick stainless steel
platz and bowom end forging. The cask lid is a 287-mm- (11.3-in-) thick ring stainless steel stepped
desizgn, secured o 4 362-mm- (14.23-in-) thick ring forging with twelve 23.4-mm- (1-in-} diameter bolis.
The cask scal is & metallic O-ring, A second 12flon O-ring and 3 test port are provided to leak test the seal.
Other penefrations in the cask cavity include the Gl and drain ports, which are sealed with port covers and
teflon O-rings. The cask weighs about 22.4 metric tons (51,200 1b) including a maximum of 1.75 metric |
tomes (4,000 1) weight of fusl and basket.

The meuron shicld tank consists of a O.0-mm- (0.24-in-) thick stainless stegl shell with 12.7-mm-
{0.50-in-) thick cnd plates. The newtron shicld region is 416.5 cm (164 in) long and 127 mm (3 in) thick.
The neutron slield tank containg an ethylena glycolfwater solution that is 1 percent boron by weight.

The gverall dimensions of the package, with impact limiters, are 5.9 m (232 in) long by 165.1 cm (65 in)
diameter. The cask cavity is 4.52 m (178 in) long and 340 mm (13.4 in) in diameter, having a volume of
about 041 m” (14.5 ft7). The cask is equipped with aluminum honeycomb impact limiters. The top
impact limiter has an outside diameter of 1657 cm (65,25 in) and & maximum thickness of 71,9 cm
(28.3 in). Both impact limditers extend 30,5 ¢m (12 in) along the side of the cask body. The cask is
transparted in the horizontal position.

NAC-LWT s designed w0 transport one pressurized water reactor assembly, two boiling water reactor
assemblies, up o 15 metallic fuel rods, or 42 boxed-type MTE. foreign research reactor spent nuclear fuel |
with a proper basket design,  There are several NAC-LWT casks available which conld be uvsed to
transpart foreign research reactor spent nuclear fuel. I is designed by the Nuclear Assurance Corporation
i the United States,

Unifetch

Unifetch was originally designed for the transport of the spent nuclear fuel from the BR-2 (Belgium
reactor). The cask weighs about 18.6 metric wons (41,000 1bs) and can accommodate either 24 or 40 spent |
nuclear fuel elements. The cask is transported in the vertical position. Unifetch is desizgned by Transport |
Technology in the United Kingdom,

Permitted Comntents:
Twi types of baskels are designed for Unifech:

1} Baskets with maximum capacity of 24 fuel elements: Irradiated BR-2 nuclear fuel elements,
assembled from plates, consisting of an inner core of natural or enriched uranium alloyed
with aluminum contained within an aluminum cladding.
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Fuel core thickness 0.51 mm {0.02 in)
Maximum pre-irradiation mass of 22U 405 g (14.1 oz)
Maximum mass per unit length of mtla'a.ambl}r 5,495 gfom (0.5 omfin)
Maximum decay heat per fuel element 1T Watts

Maximum decay heat per package 260 Warts

Minimum fuel active length 737 mm (29 in)
Maximum fuel active cross section 5,384.56 mm® (835 in%)
Cladding thickness 038 mm (0.01 in)
Maximum activity of package 45.4 kCi (1.68 PBRg)
Minimum cooling time 50 days

<) Baskets with maximum capacity of 40 fuel elements: Irradiated MTE boxed type nuclear
fuel elements, assembled from plates, consisting of an inner core of natural or enriched
uranium alloyed with aluminum contained within an aluminum cladding.

#

Maximum mass of -U per elemeant 170 g (6.7 in)
Maxirmum mass of *°U in the shisld 1,265 g (2.8 Ibs)
Maximum decay heat per fuel element 11,5 Watts
Maximum decay heal per package 4a0 Watly

Minimum fuel active length 5842 cm (23 in)
Maximum activity of package 123.3 kCi (4.56 PBg)
Minimum cooling time 20 days

GOSIAR

The Goslar cask is a double-walled right circular cylindsical steel container that uses lead shielding in the
annulus between the inner containment and outer structural container. The Goslar-Behatler was previously
used o transport boxed-type MTE clements with ‘351_? enrichment between 20 percent and 93 preTient
from several foreign research reactors to the United States,

Goslar was designed and fabricated by Transnuklear GmbH. It weighs approximately 10,9 metric tons
(24,0001 1b) and has inner cavity dimensions of 483 mm (19 in) diameter x 960 mm (378 in) 1all, Exterior
dimensions, including impact limiters, are 1,185 mm (46.4 in) diameter and 1460 mm (574 in) height.

Permitted Contents:

Three different fuel configurations are authorized to be used with this cask. These accommiexdate various
tvpes and amounts of fusl:

1} A maximum of 13 iradiated MTR fucl elements {consisting of flal or curved fuel plates)
with the following further specifications per fusl element:

Maximum initial enrichment 93 percant

Chemical form U-Al alloy

Maximuwm initial mass of 235LJ 320 (11,1 oz)

Minimum cooling time 1201 days

Thermal povarer maximum 300 Watls
Maximum activity 89.2 kCi (3.3 PBg)

Thermal power maximum 3,200 Watls per cask
Maximum activity 260 kCi (35,5 PBQ) per cask
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21 A maximum of 13 irradiated boxed-type MTR fuzl elements, with the following further

specifications per fucl clement:

haximum initial @nmchmen
Maximum initial mass of =1
Minimum cooling time
Thermeal power

BAaximum acuvity

Thermal power

Baximum activity

43 porcent

323 ¢ (11.2 0m)

120 days

maximum 300 Watts

89.2 k(i (3.3 PBEq)

maximum 3,200 Watts per cask
960 kCi (35.5 PBY) per cask

3 A maximum of 13 irmadisted MTR fucl clements with a total of 104 ke (229 lhs) of
uranium enriched between 17 to 80 percent with & maximum of 1.755 kg (3.9 |bs) of ¥ SII,
with the following further specifications per fuel element:

Mlaximum imtial enrichment

. e .3
Mlaximum mitial mass of _“[_1
Minimum cooling Gme

80 percent
135 g (4.7 0z)
2000 days

maximum 1 Watt
maximum 300 Ci (0111 PBq)

Thermal power
Activily

B.2.22  Ground/Intersite Transport

Table B-13 identitics the transportation casks for groundfintersite transport of forcign research reactor
spent nuclear fuel. Each of these casks has a valid centificate for use in the United States,  Although some
of these transportation casks are not currently certified for the shipment of research reactor spent nuclear
fuzl similar to that from forgign research reactars, it is anticipated that all of the casks could be recertified
1o accept such material.

Table B-15 Transportation Casks for Ground Transport

Tramsporeation Cask 1 Certificale Number DOE Experience  Couniry of Urigin
ML1AO0I2 USA/SI2YE] JF MNao United States
1F-30H) USAMBNE] JF Yes United States
BMI-L - USASSUSTRILE Yes Urited Stales
R 2000 USAMIILE(UF Nao United States
TH-& B USAS01S/E( ) Yes Ciermany
ML USARSOLVE] JF i United Stabes
NAC-LWT USASTSBUE Yes United Stales |

Design information for ground transportation casks is summarized in Table B-16. Additional narrative
summary information cn each of theses casks is also provided below. Although no numbers are given for
each cask capacity in terms of number of foreign research reactor spent nuclear fuel elements, it has been
estimated that the space for each pressurized water reactor element (assembly) can accommedate 12
16 foreign research reactor spent nuclear fuel elements.

MNILE-Ti2a

The Nuclear Assurance Corporation NLI-10/24 is a railcar transported stainless steel transportation cask.
The cask is 519.4 cm (2045 in) long, 2348 cm (%6 in) diameter, and weighs 72,5 metric tons (159,000 1b)
empty. Radioactive shielding 15 provided by lead, water, depleted uranivm, and 2 high temperature
pitlymer. The cask is authonized 1o contain either 10 pressurized water reactor or 24 BWER irmadiated
uramum-oxide fuel asssmblies,
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Table B-16 Transportation Cask Design Characteristics for Ground Transport

Cask
Transpartation | Emply Welght Nigraber of Decay Hear Coling Timensiong
Crask (rHefrie fond) Fuel Twpe Elements fask | Generation (AW | Time (hays) e
ML 1247 175 PWE or BWE 10 PWRS mn 150 H: 5493
. 24 BWH o 2440
IF-300* 43 PWER or BWER 7 PWERY 1.7 120 H: 5333
- : | 17TBWE [ 1,623
BMI-1 99 |MTR boxed-type | 24 L5 | o H: 1,864
- I e i D: %56
GE-2000 () HFIR® Irradiated fuel 1 06 ' 120 H: 3,340
B - [: 1,820
TN.E 6.3 FWE 3 355 150 H: 5,740
(TN (63 |(BWR) =2 (24.4) gsm o ron
MLI- 12 21 FWE ar BWR | PWERS L 1500 H: 4553
| 2BWE 106 120 D 1,200
NAC-LWT* [ 137 FWEar 1FWRF | 25 730 H: 5080
! BWE IBEWR | 1.1 [ 1,120
[ MTE 15 | | 365

Y Currently does ot have praper certificarion for foreign research rescior spent Aaclear fuef wre,

b Highk Fiwe fsotope Reactor fuel (5 similer 1o thar af BHF fuel

PWE = Pressurized Water Reacior
HWE = foiling Warer Reaerar

TE-3i0

The General Electrie IF-300 is a stainless steel encased, depleted uranium tran sportation cask. The cask is
3354 em (210 in) long, 1626 cm (64 in) in diameter, and weighs 43.1 metric ton (95,000 Ib) empy.
Radicactive shiclding is provided by depleted vranium, stainless steel, and a water-ethylene glycol
mixture. The cask is permitted to ship 7 pressurized water reactor or 17 hoiling water reactor irradiated
uranium-oxide fuel assemblies, The IF-300 transportation cask is illustrated in Figure B-11.

BMI-1

The BMI-1 cask is a truck transported, steel-encased, lead shiclded transpomation cask. The basic body is
a right circular eylinder measuring 1.86 m (73.37 in) high and 0.85 m (33.37 in) in diameter. The cask
weighs about 9.9 metric tons (21,860 Ib) empty, The cask is permitted to ship 24 MTR hoxed-type
iradiated fuel assemblies. DOE, the authorized user of the BMI-1, lends it almost exclusively for the
doemestic shipment of research reactor fuel. As such, its design includes gight licensed basket and canister
combinations, including one for TRIGA fuel with an initial enrichment up to 93 percent. These fuels are
very similar to those used by the foreign research reactors. The BMI-1 cask is illustrated in Figure B-12,

Crl 2000

The GE-2004 is a tuck transported, stainless steel transpontation cask. It is constructed from stainless
steel shells and uses lead as a shielding material, The cask is 3.34 m (131.5 in) long, 1.8 m (72 in) in
diameter, and weighs about 12:7 metric tons (28,000 1b) fully loaded. Current authorized contents include
irrachated fuel rods and by-product, source, or special nuclear material. The GE-2000 cask is used
primarily for domestic shipments of research reactor spent nuclear fuel. It is currently being certified for
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762 Lecd + 19 Steal

Pallet - 2,438 x 1 8202 x127

Figure B-12 BMI-1 Shipping Cask
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use al the Oak Kidege Mational Laboratory for shipments of high flux isotope reactor fucl, which iz almost
similar in geometry to that used in RHF (see Section B.1.3) reactor but containg more B3 fuel. The
GE-2004 is illustrated in Figure B-13.

TN-8 (TN-9)

The Transnuclear TH-8 is a lead, steel, and resin shielded right cylinder, stainless steel transportation cask.
The cask is 561.3 ¢m (221 in) long, 170 cm (67 in) in diameater, and weighs 16.3 metnc wons (36,000 1b)
empty. The TN-8 is permitted to ship three pressurized water reactor irradiated fuel assemblies. “The
TH-9 transportation caskl 15 nearly identical 1o the TN-8, however, it is permitted to ship seven BWER
irmadiated fuel assemblies. These casks are classificd as overweight truck casks in highway transpaort.

MNLI-142

The Nuclear Assurance Corporation NLI-1/2 is a depleted uranium, water, and lead shislded ransportation
cask, encazed in stainless steel. Shiclding iz provided by depleted vranium, lesd, and a borated
water-ethylens glyeol micture, The cask measures 495.3 cm (195 in) long, 120 cm (47,125 in) in
diameter, and weighs 21 metric tong (49,250 1b) empty. It is permitted to ship either 1 pressurized water
reactor or 2 hoiling water reactor irradiated fuel assemblies. The NLI- 172 is a lepal weight truck cask that
bias been vsed ac the Savannah Eiver Site for the receipt of Taiwanese forcign research reactor spent
muclear fuel as recently as 1990, The NLI-1/2 is illustrated in Figure B-14,

NACLWT

The Muclear Assurance Corporation NAC-LWT is a truck transported, steel-encased, lead shielded
transportation cask.  Radioactive shielding is provided by stainless stecl and lead, The cask measurcs
S0% cm (200 in} long, 165.1 cm (65 in) in diameter, and weighs 224 metric tons (51,200 1b) full. The cask |
iz permiticd fo ship either one pressurized water reactor or two boiling water reactor irradiated foel
sssemblies. This cask iz also certified for the transpont of Taiwanesze forgign research reactor spent nuclear
fuel, The MAC-LWT iz nearly identical to the MLI-1752.

B-52



AFPFENDIY B

LiffrgTea Daowem Giuissas

(974

Top brsiac! Limitor

Cosi Licd Fondia

Load Filed Coby

TELE Cask

Q)

Case L Bolts

Chyoe poace

Cepsi (i Fort

Crearpack Bolly

BaxHiom
Herwypeorrk Pod

Top Honepoomio Pad
Cowk L
Cask Lid Fort
ool Tast ot 1
T NomeEs i
Ecs
Altachment Piota
22T
Cask Body DDk Cover
{1,232 00
Coask Sty
Thar Doy Gassiat
BaHom
krgsct Limiter
T,

Urdt = mim

B-54

Figure B-13 GE-200 Shipping Cask




o

ok
COar Lig

Lovwear Irm pact Umitar

Cask Covity

Cask Inner Lid

Upper impoct Umiter

Figure B-14 NLI-1/2 Shipping Cask

Meutron Shiald Tank

Earmima Shiald

Nolagad

NOJTLVYIHOLENVYEL ONY S20I5I8TLIVEYRD
INTAE ¥OLINVIY HITV¥IFTy

EXENVD
TH A HVITOaN



AFPPFENDIX &

References

Croff, A. G, 1980, URIGENZ - A Revised and Updated Version of the Ouk Ridge Isotape Generavion and Depletion
Code. CRNL-53621, Oak Ridge National Laboratory, Ckak Ridge, TN, Tuly.

DOE (U.5. Depantment of Energy) 1988, Internal Dose Conversion Factors for Calowlation af Dose to the Public,
DHOEEH-0071, Washinguon, DEC, July.

0OE (U5, Depanment of Energy) 1987, “Receipt and Financial Sertlement Provisions for Muclear Besearch Reactor
Fuels,” 52 FR 4919%, Washington, IC, December 30,

IDE (U8, Department of Energy) 1986, "Feceipt and Financial Selement Provisions for Muclear Research Feactor

Fuels," 31 FR 3754, Washingron, [HZ, February 15, a

IAEA ({International Atomic Energy Agency), 1993, Directory of Natloaal Competent Awthorities' Approval
Cernfreates for Package  Desipn, Special  Form  Muoterial and  Shipmenr  of  Radieactive  Material
IAEA-TECTOC-T23, 1993 Edition,

LAEA (International Alomic Energy Agency) 1989, Directory of Nuclear Research Reactors, Vienna, Austria.

Matos, I E., 1994, Foreign Research Reactor frradiated Nuclear Fuel Inveniories Containing HEU grd LEU of U5,
Origin, AML/RERTRTM-22, Arponne, [L, December,

NRC (U5, Nuoclear Regulatory Commission), 1995, Nuclear Regulatory Commission, [0 CFR Par 77,
Comparilility with Infernational Atomic Energy Agency (fAEA ), 60 FR 50248, Seplember 28.

NRC (U5 Nuclear Regulatory Commission), 1993, Certificates of Compliance for Radioactive Materials Packages,
Ovee of Neclear Material Safery and Bafepuards, MUREG-0383, Vol. 2, Revision 16, Octoher,

KRC (1.5 Nuclear Regulatory Comrmission), 1987, Transporting Spent Fuel Protection Provided Apainss Severe
fighway and Relroad Accidents, NUREGBR-01 11, Washington, DC, March.

UKAEA (Uniwed Kingdom Atomic Energy Auothority), 1994, Capability of Dounreay Fuel Plants, Government
Division, Nutlear Sites Operations, Scotland, May.

Werld Bank, 1994, Werld Development Report, fnfrastruciure for Developmens, Oxford University Press,
MNoew York, MY, June.

L.-.mt
o G006 2 e0n 3
1354



